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1
JET SINGULATION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority of U.S. Provisional

Patent Application No.: 60/410,744 entitled “JET SINGU-
LATION”, filed on Sep. 13, 2002 and which is incorporated
herein by reference.

FIELD OF THE INVENTION

The 1invention generally relates to integrated circuit pro-
cessing equipment. More particularly, the invention relates
to an i1mproved apparatus and method of singulating a
substrate mnto a plurality of component parts.

BACKGROUND OF THE INVENTION

A smgulation procedure 1s typically performed to separate
integrated circuit packages such as IC chips from a substrate
such as a circuit board. During singulation, the substrate 1s
typically held in place while one or more saw blades cut
straight lines through the substrate to form the individual
integrated circuit packages. Although dicing with saw blades
has worked well, continuing advancements in the industry
have tested the limitations of saw singulation.

Cutting small devices 1s particularly problematic for saw
singulation. When device dimensions are small as for
example less than 3 mmx3 mm, vacuum fixtures are unable
to retain the small devices during sawing, with consistency.
As the saw blade passes through a device, 1t 1s both rotating,
and translating relative to the device under process. The
resulting force vectors have both vertical and shear compo-
nents. As the shear component overwhelms the holding
force of the vacuum fixture, the singulation yield drops due
to non-conforming geometries, damage, or lost parts. As
feed rates increase, the magnitude of the shear component
increases commensurately and magnifies the device reten-
tion problem. Therefore, feed rates are minimized to protect
yields. The result, however, 1s lower throughput.

High consumable cost 1s also problematic for saw singu-
lation. Saw singulation may require specially formulated
blades that must constantly expose new diamonds to the cut
interface. As the diamonds remove maternial, they are
“dulled” by the matenials used 1n the substrate and must be
sloughed-ofl as the blade wears at a higher-than-normal rate.
The balance between blade wear and cut quality 1s a delicate
trade-ofl requiring costly technology to extend blade life
while minimizing burrs and chips.

Curvilinear cutting paths are also problematic for saw
singulation. Many new devices as for example photonic
devices are produced with precise curved boundaries rather
than straight edges. Curved boundaries require curvilinear
cut paths, which saw blades do not readily accommodate. By
definition, the cut path of a rotating blade must be the
straight line defined by the intersection of the blade plane
and the device plane. Saw singulation simply does not lend
itself to curvilinear cutting paths as needed by these new
devices.

Based on the foregoing, there 1s desired an improved
apparatus and method of singulating a substrate mnto a
plurality of component parts.
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2
SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a singulation
engine configured to produce a cutting beam capable of
cutting through a substrate 1n order to form small discrete
parts. The singulation engine includes an abrasive delivery
system and a nozzle operatively coupled to the abrasive
delivery system. The abrasive delivery system 1s configured
to supply an abrasive slurry to the nozzle and the nozzle 1s
configured to produce a cutting beam with the abrasive
slurry. The abrasive slurry 1s formed by an abrasive and a
fluid. The abrasive delivery system includes a pump a slurry
vessel and a slurry source. The pump 1s configured to force
the abrasive slurry out of the slurry vessel and deliver the
abrasive slurry to the nozzle. The slurry vessel 1s configured
to contain the abrasive slurry. The slurry source 1s config-
ured to supply the components of the abrasive slurry to the
slurry vessel.

The invention relates, 1n another embodiment, to a sin-
gulation engine for singulating a substrate into a plurality of
smaller component parts. The singulation engine includes a
gang manifold assembly including a manifold configured to
distribute a slurry to a plurality of nozzles. Each of the
nozzles being configured to discharge an individual jet
stream 1n the form of a beam for cutting through the
substrate at the same time. The singulation engine turther
includes a chuck assembly configured to hold and support
the substrate and the smaller component parts formed there-
from before, during and after the jet stream cuts through the
substrate.

The 1nvention relates, in another embodiment, to a
vacuum chuck assembly configured to hold an unsingulated
substrate and the singulated substrate parts cut therefrom
betore, during and after jet stream singulation. The vacuum
chuck assembly includes a first chuck configured to hold the
substrate during x axis cutting, the first chuck including a
plurality of vacuum passageways and a plurality of cutting
slots. The vacuum passageways are configured to provide
suction to the substrate 1n order to hold the substrate before,
during and after jet stream singulation. The cutting slots
provide a space through which a jet stream passes when
cutting 1n a first direction. The vacuum chuck assembly also
includes a second chuck configured to hold the substrate
during y axis cutting. The second chuck includes a plurality
of vacuum passageways and a plurality of cutting slots. The
vacuum passageways are configured to provide suction to
the substrate 1n order to hold the substrate before, during and
alter jet stream singulation. The cutting slots provide a space
through which a jet stream passes when cutting 1n a second
direction that 1s orthogonal to the first direction.

The invention relates, in another embodiment, to a
method of singulating a substrate having a plurality of
integrated circuits formed thereon. The method includes
producing one or more jet streams in the form of a beam.
The configuration of the jet streams being suilicient to cut
the substrate. The method also includes directing the jet
streams over the surface of the substrate. The method further
includes selectively operating the jet streams so as to cut the
substrate into the plurality of integrated circuits.

The 1nvention relates, in another embodiment, to a
method of separating a substrate into a plurality of integrated
circuit chips. The substrate and plurality of integrated circuit
chips have a first side that 1s smoother than a second side.
Each of the plurality of integrated circuit chips includes an
array of contacts at said second side. The method 1ncludes
providing a vacuum platform having a plurality of vacuum
openings. Each of the vacuum openings correspond to
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individual ones of said plurality of integrated circuit chips.
Each of the vacuum openings are surrounded by an upper
surface of the vacuum platform. The method fturther includes
disposing the first side of the substrate on the upper surface
of the vacuum platform. The method additionally includes
holding the first side of the substrate against the upper
surface of the vacuum platform with a vacuum. Moreover,
the method mncludes cutting the substrate into the plurality of
integrated circuit chips while the substrate 1s held against the
upper surface of the vacuum platiorm. The cutting is per-
formed by a jet stream formed 1nto a beam.

The 1mvention relates, 1n another embodiment, to a pro-
cess of making an integrated circuit. The process includes
producing one or more jet streams in the form of a beam.
The configuration of the jet streams are suilicient to cut a
substrate. The substrate has a plurality of integrated circuits
formed thereon. The process includes directing the jet
streams over the surface of the substrate. The process also
includes selectively operating the jet streams so as to cut the
substrate mto the plurality of integrated circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention may best be understood by reference to the
tollowing description taken in conjunction with the accom-
panying drawings in which:

FI1G. 1 1s a simplified block diagram of a cutting apparatus
in accordance with one embodiment of the present inven-
tion.

FIG. 2A 1s a simplified perspective diagram of a fine beam
cutting through a substrate to form individual packaged
devices, 1n accordance with one embodiment of the present
invention.

FIG. 2B 1s a simplified perspective diagram of a fine beam
cutting through a substrate to form photonic devices, 1n
accordance with one embodiment of the present invention.

FIG. 3A 1s a bottom view of a substrate having a plurality
of lead less integrated circuit packages formed thereon.

FIG. 3B 1s a top view of a substrate having a plurality of
lead less integrated circuit packages formed thereon.

FIG. 3C 1s a top view of a group of singulated lead less
integrated circuit packages.

FIG. 3D 1s a side view of a singulated integrated circuit
package.

FIG. 3E 1s a perspective view of a singulated integrated
circuit package.

FIG. 4A 1s a top view of a substrate having a plurality of
ball gnd array (BGA) integrated circuit packages formed
thereon.

FIG. 4B 1s a top view of a group of singulated BGA
integrated circuit packages.

FIG. 4C 15 a side view of a singulated BGA integrated
circuit package.

FIG. 4D 1s a perspective view of a singulated BGA
integrated circuit package.

FIG. 5 1s an illustration showing a photonic devices after
singulation.

FIG. 6 1s a simplified diagram of a singulation engine, in
accordance with one embodiment of the present invention.

FIG. 7A 1s a front view, 1n cross section, ol a gang
manifold assembly, 1n accordance with one embodiment of
the present mnvention.

FIG. 7B 1s a side view, 1n cross section, of a gang
manifold assembly, 1n accordance with one embodiment of
the present mnvention.

FIG. 8 1s a side view, 1n cross section, of a nozzle, 1n
accordance with one embodiment of the present invention.
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FIG. 9 1s a side view, 1n cross section, of an abrasive slurry
delivery assembly, in accordance with one embodiment of
the present ivention.

FIG. 10 1s a simplified side view of a wet slurry filter
arrangement, 1n accordance with one embodiment of the
present 1vention.

FIG. 11 1s a top view of a chuck assembly, 1n accordance
with one embodiment of the present invention.

FIG. 12A 15 a top view of a chuck assembly, 1n accordance
with an alternate embodiment of the present mnvention.

FIG. 12B 1s a top view of a chuck assembly, 1n accordance
with an alternate embodiment of the present mnvention.

FIG. 12C 1s a top view of a chuck assembly, 1n accordance
with an alternate embodiment of the present invention.

FIG. 13 1s a perspective view of a chuck assembly, 1n
accordance with one embodiment of the present invention.

FIG. 14 1s an exploded view of the chuck assembly shown
in FIG. 13, 1n accordance with one embodiment of the
present mvention.

FIG. 15 1s a simplified side view, 1n cross section, of a
chuck, 1n accordance with one embodiment of the present
invention.

FIG. 16 1s a simplified side view, 1n cross section, of a
chuck, 1n accordance with one embodiment of the present
invention.

FIGS. 17A-F are diagrams of a vacuum platform, in
accordance with one embodiment of the present invention.

FIGS. 18A-E are diagrams of a vacuum platform, in
accordance with one embodiment of the present invention.

FIGS. 19A-E are diagrams of a rubber like vacuum
platform, 1n accordance with one embodiment of the present
invention.

FIGS. 20A-F are diagrams of a vacuum manifold, 1n
accordance with one embodiment of the present invention.

FIGS. 21A-G are diagrams of a vacuum manifold, 1n
accordance with one embodiment of the present invention.

FIGS. 22A-1] illustrate a cutting sequence using the gang
manifold assembly shown in FIGS. 7A and 7B and the chuck

assembly shown 1n FIGS. 13 and 14, in accordance with one
embodiment of the present invention.

FIGS. 23A and 23B are top view diagrams showing
serpentine paths, 1n accordance with one embodiment of the
present 1nvention.

FIG. 24 1s a flow diagram of a cutting method, 1n
accordance with one embodiment of the present invention.

FIG. 25 1s a simplified diagram of a singulation engine, 1n
accordance with one embodiment of the present invention.

FIG. 26 1s a diagram showing a gang manifold initiation
sequence, 1n accordance with one embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present invention generally relates to an improved
apparatus and method for singulating a substrate into a
plurality of component parts. More particularly, the mven-
tion relates to a singulation system capable of singulating
integrated circuit devices (e.g., dies, unpackaged chips,
packaged chips, and the like). The singulation system 1s
configured to generate a jet stream that contains an abrasive
and fluid that cuts through large components so as to
produce smaller components. The system described herein 1s
particularly suitable for singulating surface mount devices
such as chip scale packages, ball gnnid arrays (BGA), tlip
chips, lead less packages (QFN) and the like. The system 1s
also suitable for singulating photonic devices.
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Water jet machining has been available for decades;
however, 1ts potential has never been realized in semicon-
ductor manufacturing. The fine geometries required by
semiconductor manufacturers were beyond the reach of
traditional water jets and their nozzle technologies. Though
small aperture nozzles delivered sufficiently fine beams of
water, the nozzle aperture would increase with use causing
unacceptable deviations from target geometries. In addition,
traditional water jets rely on the mmpact forces of high-
energy water means to erode material. Manufacturers with
expensive clean rooms have been concerned about these
high pressures, since a relatively small leak at 40,000 ps1 can
be devastating. Some water jets operate at lower pressures
by employing an abrasive mixed with the water; however
these can only provide cut widths down to 0.5 mm. The cut
beams of abrasive water jets have traditionally been dithcult
to control. As dry abrasive 1s introduced 1nto the pressurized
water stream, a large amount of air 1s also introduced. This
air destroys any hope of generating a consistent and dense
coherent beam of water. The resulting spreading beam
cannot produce the small cut widths or the 25 micron
tolerance required 1n semiconductor singulation. The present
ivention overcomes these disadvantages.

Embodiments of the mvention are discussed below with
reference to FIGS. 1-26. However, those skilled in the art
will readily appreciate that the detailed description given
herein with respect to these figures 1s for explanatory
purposes as the imvention extends beyond these limited
embodiments.

FIG. 1 1s a simplified block diagram of a cutting apparatus
10, mn accordance with one embodiment of the present
invention. The cutting apparatus 10 1s configured to produce
a cutting beam 11 capable of cutting through a substrate 12
in order to form small discrete parts. For example, the
cutting beam may be configured to singulate a substrate into
a plurality of individual packaged devices including but not
limited to CSPs, BGAs, QFNs and the like. The cutting
beam may also be configured to singulate a substrate into
photonic devices such as arrayed wave grating photonic
devices.

The cutting apparatus 10 generally includes an abrasive
delivery system 14 and a nozzle 16 operatively coupled to
the abrasive delivery system 14. The abrasive delivery
system 14 1s configured to supply an abrasive slurry to the
nozzle 16 and the nozzle 16 i1s configured to produce a
cutting beam 11 with the abrasive slurry. The abrasive slurry
1s typically formed by an abrasive and a fluid. The cutting
nature of the beam 11 relies on the fluid to carry the abrasive
and on the abrasive to remove the material from the substrate
12. In most cases, the abrasive slurry 1s squeezed through a
small opening 1n the nozzle 16. Squeezing the slurry through
the nozzle 16 causes 1t to exit the nozzle 16 in a very fine and
high speed cutting beam 11.

As shown 1 FIG. 1, the abrasive delivery system 14
generally includes a pump 18, a slurry vessel 20 and a slurry
source 22. The pump 18 1s configured to pump the abrasive
slurry out of the slurry vessel 20 and deliver the abrasive
slurry to the nozzle 16. The slurry vessel 20 1s configured to
contain the abrasive slurry and may serve as a location for
mixing the components (e.g., abrasive and fluid) of the
abrasive slurry. The slurry source 22, on the other hand, 1s
configured to supply the components of the abrasive slurry.
For example, the slurry source may distribute the abrasive,
fluid, or other component of the slurry separately and/or
mixed. The slurry source may for example include storage
containers that contain the mdividual or mixed components

5

10

15

20

25

30

35

40

45

50

55

60

65

6

of the abrasive slurry. The components may be pumped nto
the slurry vessel using any suitable technique.

In one embodiment, the abrasive delivery system 14 1s a
re-circulatory system. For example, the abrasive slurry i1s
recaptured after cutting through the substrate 12 and
recycled for future use. In cases such as these, a filter may
be used to prevent cut particles from entering the delivery
system, 1.€., the cut particles may be larger than the abrasives
and thus they have the ability to clog the system. In another
embodiment, the abrasive delivery system 14 1s not a
recirculatory system. In this embodiment, new components
are continuously supplied and used components are dis-
carded, 1.e., the slurry 1s continuously refreshed. As should
be appreciated, this type of system prevents particle con-
tamination altogether. In one implementation, the abrasive 1s
pumped 1nto the slurry vessel at low pressure betore the fluid
1s pumped 1nto the slurry vessel at high pressure. In order to
transier the abrasive to the slurry vessel the typically dry
abrastve may be delivered to the slurry vessel in a wet
condition. In some cases, the aforementioned embodiments
may be combined to both re-circulate used material and add
new material to the system.

The diameter of the cutting beam 11 1s small 1n order to
dice small parts such as packaged or photonic devices. The
cutting beam 11 typically produces cut widths 1n the sub-
strate with similar dimensions as the diameter of the cutting,
beam. The diameter of the cutting beam 1s generally deter-
mined by the diameter of the opening in the nozzle. The
diameter of the cutting beam generally corresponds to the
diameter of the opening 1n the nozzle. Although not a
requirement, the diameter of the beam 1s typically on the
order of about 0.050 mm to about 3.0 mm, and more
particularly between about 0.25 mm and about 0.3 mm. This
range 1s well within the typically saw street dimensions for
packaged and photonic devices.

As shown 1 FIGS. 2A and 2B, the cutting beam 11 may
be used to make rectilinear cuts (FIG. 2A) as for example
when forming individual packaged devices and/or curvilin-
car cuts (FIG. 2B) as for example when forming wave
grating photonic devices. These types of cuts may be accom-
plished by moving the substrate 12 and/or the cutting beam
11 relative to one another. For example, the substrate 12 may
be moved by a stage and/or the nozzle 16 may be moved by
a robot. In FIG. 2A, the z axis oriented beam 11 1s moved
in the x direction to make parallel rows of x directed
rectilinear cuts 28, and 1n the y direction to make parallel
rows ol vy directed rectilinear cuts 30. Rectilinear cuts such
as X and y directed cuts are suitable for singulating indi-
vidual packaged devices 24 such as CSPs, BGAs, QFNs and
the like. One advantage of cutting package devices with this
type of cutting method 1s that the cutting beam interacts with
the substrate along the z axis thereby preventing the forma-
tion of shear forces that can adversely eflect the singulated
packages. In FIG. 2B, the z axis oriented beam 11 1s moved
in both the x and vy directions (simultaneously or incremen-
tally) in order to make curvilinear cuts.

FIGS. 3A-3E are illustrations showing lead less inte-
grated circuit packages belore and after being singulated
from a substrate with a cutting beam, 1n accordance with one
embodiment of the present invention. By way of example,
the cutting beam may generally correspond to the cutting
beam discussed 1n the previous Figures. FIGS. 3A and 3B
show a substrate 32 belfore singulation. As shown, the
substrate 32 1s formed by a plurality of integrated circuit
packages 33. Although not a requirement, the packages 33
are generally formed 1n rows and columns on the substrate
32. Furthermore, the integrated circuit packages 33 may be
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positioned 1n one or more closely packed groups 34. FIG. 3C
shows a group 34 of leadless integrated circuit packages 33
alter being cut from the substrate 32. The group 34 may
correspond to any of the four groups 34 shown 1 FIGS. 3A
and 3B. FIGS. 3D and 3E show a single integrated circuit
package 35 after being separated from the group 34. Lead
less packages are generally well known in the art and for the
sake of brevity will not be discussed in any greater detail.

In one particular embodiment, the substrate 32 corre-
sponds to those substrates that contain Quad Flat Pack No
Lead (QFN) packages. QFN packages generally refer to
leadless packages with peripheral terminal pads and an
exposed die pad. QFN packages may be used 1n a variety of
applications including cell phones, personal digital assis-
tants, portable music players, portable video players and the
like. QFN substrates typically include a copper carrier A,
and a mold compound B through which the cutting beam
cuts 1n order to singulate the individual QFN packages 33
from the substrate 32. It should be noted that QFN packages
are not a limitation and that other types of packages may be
used.

FIGS. 4A—4D are 1llustrations showing a plurality of ball
orid array (BGA) integrated circuit packages before and
alter being singulated from a substrate with a cutting beam,
in accordance with one embodiment of the present inven-
tion. By way of example, the cutting beam may generally
correspond to the cutting beam discussed in the previous
Figures. BGA integrated circuit packages typically refer to
a packaging technology that allows an integrated circuit to
be attached to a printed circuit board face-down, with the
chip’s contacts connecting to the printed circuit board’s
contacts through individual balls of solder. During fabrica-
tion thereof, multiple ntegrated circuit chips (ball grid
arrays and dies) are formed on a single substrate (e.g., water
or circuit board), and thereafter separated into a plurality of
individual or single integrated circuit chips. Although a
substrate may be separated at substantially any point during
an overall fabrication process, the substrate 1s typically
separated after the ball gnd arrays and dies are formed on the
substrate.

To elaborate, FIG. 4A shows a substrate 36 formed by a
plurality of BGA integrated circuit packages 37 before
singulation. FIG. 4B shows a group 38 of BGA integrated
circuit packages 37 after singulation. FIGS. 4C and 4D show
a single BGA integrated circuit package 37 after being
separated from the group 38. BGA integrated circuit pack-
ages are generally well known 1n the art and for the sake of
brevity will not be discussed 1n any greater detail.

FIG. 5 1s an 1illustration showing a photonic device 39
alter singulation, 1n accordance with one embodiment of the
present mvention.

FIG. 6 1s a simplified diagram of a singulation engine 40,
in accordance with one embodiment of the present inven-
tion. The singulation engine 40 1s configured to singulate a
substrate 42 1nto smaller component parts via a cutting beam
44. By way of example, the component parts may be CSPs,
BGAs, QFNs, photonic devices and the like. The singulation
engine 40 includes a jet stream distribution unit 46 formed
by at least a nozzle assembly 47, an abrasive slurry delivery
assembly 48 and a tank assembly 49. The abrasive slurry
delivery assembly 48 i1s configured to deliver an abrasive
slurry to the nozzle assembly 47. The nozzle assembly 47 1s
configured to discharge a jet stream in a laminar and
collimated manner towards the substrate 42 1n order to
produce the cutting action of the cutting beam 44. The tank
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assembly 49 1s configured to receive and diffuse the jet
stream once 1t passes through the substrate 42 during the
cutting action.

During operation, for example, the abrasive slurry deliv-
cry assembly 48 supplies the nozzle assembly 47 with the
abrastve slurry and the nozzle assembly 47 directs the
abrasive slurry towards the substrate 42. Once discharged
from the nozzle assembly 47, the abrasives in the slurry
work against the substrate 42 to remove material therefrom.
Almost 1nstantaneously, the cutting beam 44 forms a hole
through the substrate 42. After forming the hole, the cutting
beam 44 continues along i1ts path until 1t reaches a medium
stored 1n the tank assembly 49.

The nozzle assembly 47, abrasive slurry delivery assem-
bly 48 and tank assembly 49 may be widely varied. In the
illustrated embodiment, the nozzle assembly 47 includes one
or more nozzles 50 coupled to a nozzle manifold 52. The one
or more nozzles 50 are configured to direct the abrasive
slurry towards the substrate 42 1n the form of one or more
cutting beams 44. Each of the nozzles 350 includes an
opening 31 through which the abrasive slurry i1s discharged.
The size of the opening 351 generally effects the size of the
cutting beam 44, which in turn eflects the width of the cut
in the substrate 42. The nozzle manifold 32 1s configured to
distribute the abrasive slurry from the abrasive delivery
system 48 to the one or more nozzles 50. As shown, the
nozzle manifold 52 1s coupled to the abrasive slurry delivery
system 48 via one or more tubes 54A. The number of
nozzles and thus the number of cutting beams may vary
according to the specific needs of each device.

The abrasive delivery assembly 48, on the other hand,
includes a high pressure pump 55, an abrasive slurry vessel
56, and an abrasive slurry source 37. The high pressure
pump 55 1s configured to pump fluid to the abrasive slurry
vessel 56 1n order to carry and deliver the abrasive slurry to
the nozzle assembly 47 at very high pressures. By way of
example, the high pressure pump may pressurize the slurry
vessel with pressures ranging between about 1,000 PSI to
about 50,000 PSI. The slurry vessel 56 1s configured to
contain the abrasive slurry before being sent to the nozzle
assembly 47 and may serve as a location for mixing the
components (e.g., abrasive and fluid) of the abrasive slurry.
The slurry source 57 1s configured to supply the components
of the abrasive slurry. The abrasive 1s generally 1ntroduced
into the slurry vessel 56 at low pressures as for example
between about 10 and about 75 PSI. The slurry source 57
may be a re-circulatory and/or non circulatory system. That
1s, the slurry source 57 may supply previous used abrasive
slurry and/or 1t may supply new components to the abrasive
slurry vessel.

It has been found that the slurry should be completely
devoid of air 1n order to maintain small diameter cutting
beams as for example 350 micron cutting beams. In one
implementation, the abrasive 1s first soaked with water at
ambient pressure as it 1s introduced into the singulation
system. The wet abrasive 1s then mtroduced mnto the slurry
vessel 56 and exposed to high-pressure water via the high
pressure pump. Once the abrasive/water mixture 1s pressur-
1zed, the abrasive slurry moves through high-pressure tubing
54 A to the nozzle assembly 47.

Referring to the tank assembly 49, the tank assembly 49
typically includes a holding tank 58, which contains a
medium 60 for diffusing the jet stream. The medium may for
example correspond to a slurry such as the abrasive slurry
used to cut the substrate. In some cases, the abrasive slurry
1s mixed and held 1n the holding tank 38 before being sent
to the abrasive slurry vessel 56. For example, the holding
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tank 58 may serve as the abrasive slurry source for the
abrasive delivery assembly 48. In cases such as these, the
holding tank 58 may include one or more inlets/outlets for
refilling and removing the components of the abrasive slurry.
Furthermore, the holding tank 58 may be coupled to the
abrasive slurry delivery assembly 48 and more particularly
the slurry vessel via one more tubes 54B. In order to prevent
contaminants (caused by the cutting action) from entering
the abrasive slurry delivery assembly 48, a filter mechanmism
61 may be placed between the holding tank 58 and the
abrasive delivery assembly 48.

The abrasive slurry may be widely varied. The abrasive
slurry 1s typically formed by an abrasive and a fluid. The
abrasive and fluid may be selected from any suitable mate-
rial or medium. By way of example, an abrasive such as
Al O; or garnet and a fluid such as water may be used. The
type of matenal selected depends on many factors including
but not limited to cutting ability and cost. Generally speak-
ing, garnet provides good cutting ability at reasonable cost
while Al,O, provides better cutting ability at higher cost.
The size of the abrasive used generally depends on the size
(diameter) of the opening in the nozzle. The size of the
abrasive generally ranges between about 1/10 and about 14
the diameter of the opening in the nozzle, and more par-
ticularly about V4 the diameter of the opening 1n the nozzle.
Furthermore, the percentage of abrasive to water (by weight)
1s generally between about 1% and about 200%, more
particularly between about 10% and about 100% and even
more particularly about 40%

The substrate 42 and cutting beam 44 are generally moved
relative to one another in order to produce a linear cutting
path (e.g., rectilinear and/or curvilinear). For example, the
cutting beam 44 and/or the substrate 42 may be moved. The
method of moving may be widely varnied. In the illustrated
embodiment, the singulation engine 40 includes a robot
assembly 64 capable of moving the nozzle assembly 47. For
example, the robot assembly 64 may include a transier arm
that 1s attached to the manifold 52 of the nozzle assembly 47.
The robot assembly 64 may provide linear movements 1n the
X, y and z directions as well as rotations about the x, vy and
7z axis. In most cases, the robot assembly 64 moves the
nozzle assembly 47 within a single plane along a desired
cutting path so that all or any selected part of the substrate
42 may be cut by the cutting beam 44 (e.g., X, y and 0).
When cutting integrated circuit packages, the robot assem-
bly 64 may make one or more passes 1n the x direction and
one or more passes 1n the y direction 1n order to cut the
substrate 42 nto integrated circuit packages (see FIGS. 2A,
3 and 4). The robot assembly 64 may also be arranged to
move 1n a serpentine fashion. The robot assembly 64 may be
widely varied. For example, the robot assembly 64 may
consist of linear actuators (servos, steppers), SCARA robots
and the like. In one particular embodiment, a SCARA robot
assembly 1s used. By way of example, SCARA robot assem-
blies manufactured by Epson Robots of Carson, Calif. may
be used.

The singulation engine 40 also includes a chuck 66
configured to support and hold the substrate 42 and the parts
cut therefrom before, during and after singulation. As
shown, the chuck 66 includes one or more openings 67
disposed therethrough. The opemings 67 allow the cutting
beam 44 to flow past the substrate 42, through the chuck 66,
and to the slurry stored in the holding tank 58. The opening
configuration generally provides a path that corresponds to
the cutting path produced by the robot assembly 64. For
example, it may be formed as a linear opening 1n the x and/or
y directions. The openings may include one large continuous
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opening or a plurality of discontinuous openings. A continu-
ous opeming typically has the advantage that the cutting
beam can follow 1ts cutting path without being stopped. The
width of the opening 67 1s typically larger than the diameter
of the cutting beam 44.

Any number of chucks may be used. For example, a single
chuck for holding a single substrate, or a plurality of chucks
for holding a plurality of substrates may be used. In one
embodiment, a first chuck includes openings for a cutting
path 1n a first direction (e.g., x) and a second chuck includes
openings for a cutting path 1n a second direction (e.g., v) that
1s orthogonal to the first direction. The integrated circuit
packages may be singulated from the substrate by perform-
ing a first cutting sequence 1n the first direction on the first
chuck and thereafter transferring the substrate to the second
chuck and performing a second cutting sequence in the
second direction on the second chuck. The position of the
first and second chucks relative to one another varies accord-
ing to the specific needs of the singulation engine. In one
embodiment, the chucks are positioned 1n line with one
another. In another embodiment, the chucks are placed side
by side.

The chuck 66 1tself may be widely varied. For example,
the chuck 66 may be an electrostatic chuck, a mechanical
chuck, a vacuum chuck or the like. In the 1llustrated embodi-
ment, the chuck 66 1s configured to provide a vacuum in
order to hold the substrate 42 and packages betore, after and
during singulation. In this particular embodiment, the chuck
66 includes a vacuum platform 68 and a vacuum manifold
70 disposed underneath the vacuum platform 68. The
vacuum platform 68 1s generally configured to receive the
substrate 42 and the packages. For example, the vacuum
platform 68 may be configured to receive the molded side of
the substrate 42 (and package) so as to place the substrate 42
(and packages) 1n an upwards position for singulation. The
vacuum platform 68 generally includes a plurality of open-
ings (not shown), each of which generally corresponds to
one of the singulated packages. That 1s, the vacuum platform
68 includes an opening that applies a vacuum to each
package to be singulated. The vacuum manifold 70, on the
other hand, 1s generally configured to supply a vacuum to
cach of the openings of the vacuum platiorm 68. In most
cases, the vacuum manifold 218 includes channels therein
that fluidly couple the openings of the vacuum platiorm 68
to a vacuum source 72. The vacuum manifold 70 1s typically
mounted to a base 74 that serves to support the chuck 66 in
its position relative to the other components of the singula-
tion engine 40.

The singulation engine 40 may also include a controller
76 for controlling the various components of the singulation
engine 40. For example, the controller 76 may include
capabilities for, but not limited to, controlling the movement
of nozzle 50 via the robot assembly 64, controlling the tlow
of the slurry 60 via the pump 56, controlling the vacuum that
holds the substrate 42 via the vacuum source 72, and the
like. The controller 76 may be arranged to act as an operator
console and master controller of the system. That 1s, all
system interfaces with an operator and the user’s facilities
may be made through the controller. Commands may be
1ssued to and status may be monitored from all components
so as to facilitate completion of operator assigned tasks. By
way of example, the controller may include a keyboard for
accepting operator mputs, a monitor for providing visual
displays, a database for storing reference information, and
the like.

In one embodiment, the controller 76 1s configured to
initiate a cutting sequence. During the cutting sequence, the
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controller may cause the cutting beam to turn on and off
while the nozzle and thus the cutting beam moves via the
robot assembly. A continuous cutting sequence may be
implemented where the cutting beam 1s continuously pro-
duced while the robot assembly moves the nozzle along a
path. During a continuous cutting sequence, for example, the
cutting beam may be turned on when moving 1n a first
direction (e.g., X) as well as a second direction (e.g., v). In
addition, an 1ncremental cutting sequence may be imple-
mented where the cutting beam 1s turned on and off 1ncre-
mentally while the robot assembly moves the nozzle along
a path. During an incremental cutting sequence, for
example, the cutting beam may be turned on when moving
in a {irst direction (e.g., X) and turned off when moving 1n a
second direction (e.g., y).

A method of producing integrated circuit packages (prod-
uct by process) will now be discussed. By way of example,
the integrated circuit package may be any one of those
previously described. The method generally begins by form-
ing a plurality of integrated circuit packages on a substrate.
In the case of QFN packages, for example, the packages are
generally formed 1n groups on a metal strip or carrier (e.g.,
copper). The metal strip 1s processed to include an exposed
die attach pad and a plurality of peripheral terminal pads for
cach mdividual QFN package. A die 1s generally attached to
cach of the die attach pads using a conventional die attach
material. The die 1s also coupled to the plurality of peripheral
terminal pads via a plurality of wires. A mold compound 1s
generally used to encase or surround portions of the die,
wires, exposed peripheral terminal pads and the exposed die
attach pad. The die 1tself 1s typically sandwiched between
the mold compound and the metal strip. The mold com-
pound helps to keep the wires and terminal pads electrically
isolated from each other as well as to help protect the die.

Once the packages are formed on the substrate, the
substrate 1s cut with a cutting beam 1n order to separate the
individual integrated circuit packages from the substrate.
This may be accomplished with the one or more jet streams
that are made incident on the surface of the substrate and that
are configured to cut through the substrate as for example,
the metal strip and mold compound of the QFN substrate.

The jet streams are generally configured to move in a
manner that cuts the integrated circuit packages as for

example 1nto rectangles or squares (see for example, FIGS.
22A-J or FIGS. 23A-B).

The substrate may be cut using a variety of techniques.
One such technique will now be discussed with reference to
FIG. 6. The substrates are typically received and loaded into
the singulation engine, as for example, at a loading dock of
the singulation engine. Once received, the substrates 42 are
placed on the chuck 66 by a transfer assembly (not shown).
During placement, the substrates 42 are aligned to a refer-
ence surface (e.g., alignment pins) and secured or held to the
top surface of the chuck 66 using a suction force produced
by the vacuum source 72. Thereafter, the nozzle assembly 47
1s moved 1nto a starting position relative to the substrate 42
held on the chuck 66. Once 1n position, the abrasive slurry
delivery system 48 delivers the abrasive slurry to the nozzle
assembly 47 and the abrasive slurry i1s subsequently
squeezed out the nozzles 50. The abrasive slurry 1s forced
into a jet stream that strikes and cuts through the substrate
42 while the substrate 42 1s held by the chuck 66. The nozzle
assembly and thus the jet stream i1s then moved along a
cutting path via the robot assembly 64 1n order to separate
the integrated circuit packages from the substrate. During
the cutting sequence, the abrasive slurry in the jet stream 1s
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collected in the holding tank 38 after passing through the
substrate 42 and the opening 67 in the chuck 66.

FIGS. 7A and 7B are diagrams of a nozzle assembly 80,
in accordance with one embodiment of the present inven-
tion. FIG. 7A 1s a front view, 1n cross section, of the nozzle
assembly 80 and FIG. 7B 1s a side view, 1n cross section, of
the nozzle assembly 80. By way of example, the nozzle
assembly 80 may generally correspond to the mamiold
assembly 47 shown i FIG. 6. The nozzle assembly 80
generally includes one or more nozzles 82 fluidly coupled to
a nozzle manifold 84. In this particular configuration, the
nozzle assembly 80 includes multiple nozzles 82 so that
multiple jet streams can be generated. As should be appre-
ciated, multiple jet streams can reduce the amount of time
needed to singulate a substrate, 1.e., more nozzles typically
reduce the cycle time of the system. For example, each jet
stream produced by each of the nozzles 82 may be config-
ured to cut a different group of packaged devices located on
a substrate at the same time, for example, the four groups of
integrated circuit packages located on the substrate shown 1n
FIGS. 3A and 3B.

As shown, the manifold 84 includes one or more first
coupling receptacles 85A configured to recerve one or more
first couplings 86A. The first couplings 86A are configured
to recerve a slurry distribution tube 87 from a slurry delivery
assembly (e.g., assembly 48 1n FIG. 6). The manifold 84 also
includes one or more second coupling receptacles 86B
configured to receirve one or more second couplings 86B.
Each of the second couplings 86B are configured to receive
an individual nozzle 82. A collar 90 may be used to hold the
nozzle 82 relative to the end of the second couplings 86B.

The manifold 84 additionally includes a plurality of
channels 92, 94, 96 therein for fluidly connecting the first
and second receptacles 85A and 85B and thus the slurry
delivery assembly to the nozzles 82. The channels may be
widely varied. The channels generally include one or more
slurry receiving channels 92, a main channel 94 and one or
more slurry distribution channels 96. The slurry receiving
channels 92 connect the first coupling receptacles 85 A to the
main channel 94. The slurry distribution channels 96 con-
nect the second coupling receptacles 85B to the main
channel 94. The manifold 84 may also include one or more
through holes 97 for attaching the manifold assembly 80 to
a robot assembly.

During operation, the first couplings 86A, which are
mounted 1n the first coupling receptacles 85A, receive slurry
from the slurry tube 87 and deliver the slurry to the slurry
receiving channels 92. The slurry receiving channels 92
receive slurry from the first couplings 86A and deliver the
slurry to the main channel 94. The main channel 94 receives
the slurry from each of the slurry receiving channels 92 and
delivers the slurry to each of the slurry distribution channels
96. The slurry distribution channels 96 receive the slurry
from the main channel 94 and delivers the slurry to the
second couplings 86B. The second couplings receive the
slurry from the slurry distribution channels 96 and delivers
the slurry to each of the nozzles 82. Thereafter, the slurry 1s
forced through the aperture 88 in the nozzle 82.

The couplings 86 A, tube 87 slurry receiving channels 92
and main channel 94 are generally large diameter so as to
move large volumes of pressurized slurry at very low
speeds, preventing wear to the tubing, manifold and joints.
By way of example, the diameter may be about 5 mm. The
slurry distribution channels 96 and couplings 86B on the
other hand typically have a smaller diameter. By way of
example, the diameter may be about 3 mm. The nozzles 82
themselves include a small diameter aperture 88. “Squeez-
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ing”” the slurry through the small aperture 88 causes it to exit
the nozzle 82 at very high speeds and 1n a fine diameter. The
s1ze ol the nozzle aperture 88 1s generally selected based on
the desired cutting width. The length of the aperture 88 1s
generally configured to match the abrasive size and the
desired beam diameter so as to cause the slurry to proceed
through the nozzle 82 1n an orderly and predictable manner,
1.e., becomes collimated. As should be appreciated, the
nozzle aperture does not widen during use because the
exiting beam 1s kept laminar and straight (and the lack of air
in the pressurized stream). By way of example, the diameter
of the nozzle aperture may be about 0.050 mm to about 3.0
mm, and more particularly between about 0.25 mm and
about 0.3 mm. In addition, the length of the nozzle aperture
may be between about 2 D and about 20 D, and more
particularly between about 10 D and about 15 D, where
D=the diameter of the nozzle aperture.

In one embodiment, the main channel 94 i1s formed by
drilling a hole entirely through the manifold 84 from one
side to the other and then capping the hole with a set of plugs
98, and the slurry receiving and slurry distribution channels
92, 96 are formed by dnlling holes partially through the
manifold 84 from opposite sides of the mamifold 84 respec-
tively to the main channel 94. The slurry receiving and slurry
distribution channels 92, 96 are generally perpendicular to
the main channel 94. The manifold, couplings and nozzles
are generally formed from a maternial that 1s resistant to the
cllects of the slurry flowing therethrough. These components
are generally formed from high hardness materials such as
stainless steel.

FIG. 8 15 a side view, 1n cross section, of a nozzle 100. By
way ol example, the nozzle 100 may generally correspond
to the nozzle 82 shown in FIGS. 7A and 7B. The nozzle 100
generally includes a nozzle tip 102 attached to a nozzle body
104. The nozzle tip 102 includes an aperture 105. The nozzle
tip 1s preferably formed by a high hardness material 1n order
to minimize wear at the nozzle exit. In one embodiment, the
nozzle tip 102 1s formed from stainless steel and the aperture
105 1s formed from a diamond material. The aperture may
also be formed from a carbide material. The diameter and
length of the aperture 105 typically varies according to the
specific needs of the device. As mentioned above, the
diameter may be between about 0.05 mm and about 3.0 mm
and the length may be between about 2 D and about 20 D,
where D=the diameter of the nozzle aperture.

The nozzle body 104 includes a tip receptacle 106 for
receiving the nozzle tip 102 and a seat receptacle 108 for
receiving the end of a coupling as for example coupling 868
of FIG. 7. The tip receptacle 106 includes a slope that
matches the nozzle tip 102 thus allowing the nozzle tip to
seat therein. As shown, the nozzle tip may extend past the
bottom surface of the nozzle body 104 when seated 1n the
receptacle 106 of the nozzle body 104. The seat receptacle
108 includes a slope that matches the end of the coupling
thus allowing the end of the coupling to seat therein. The
nozzle 100 also includes a retaining mechanism 110 located
above the nozzle tip 102. The retaining mechanism may be
widely varied. In one embodiment, the nozzle body 104 1s
formed from stainless steel and the retaining mechanism 110
1s formed from sintered metal. As shown, the inner surfaces
of the seat receptacle, retaining mechanism and nozzle tip
inlet cooperate to form a conical entry point.

The dimensions of the nozzle 100 will now be described
in accordance with one embodiment. The slope of the seat
receptacle 1s about 30 degrees from center or 60 degrees in
total. The slope of the tip receptacle 1s about 11 degrees from
center or 22 degrees 1n total. The nozzle body 1s about 9.5
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mm 1n length and has about a 12 mm diameter at 1ts widest
section and about 9 mm diameter at 1ts thinnest section. The
seat receptacle opening 1s about 7.8 mm and the diameter of
the aperture 105 1s about 0.300 mm=0.003 mm. The nozzle
tip 1s about 4 mm 1n length and the aperture 1s about 3 mm
in length. Furthermore, the diamond nozzle extension dis-
tance (the distance between surfaces of the body and the tip)
1s may be about 0.1-0.5 mm.

FIG. 9 1s a side elevation view, in cross section, of an
abrasive slurry delivery assembly 112, in accordance with
one embodiment of the present invention. By way of
example, the abrasive slurry delivery assembly 112 may
generally correspond to the abrasive slurry delivery assem-
bly shown in FIG. 6. The abrasive slurry delivery assembly
112 generally includes a slurry containment vessel 114, a
fluid source 116 and an abrasive source 1n the form of an
abrasive cartridge 118. The slurry containment vessel 114 1s
configured to contain an abrasive slurry 120 for use by a
singulation engine. The abrasive slurry 120 generally con-
tains a fluid such as water and an abrasive such as garnet.
The slurry vessel 114 receives the fluid from the fluid source
116 and the abrasive from the abrasive cartridge 118 through
a recharge valve 122 located at the top of the slurry
containment vessel 114. In order to supply the abrasive
slurry 120 to a nozzle assembly of a singulation engine, the
slurry containment vessel 114 1s pressurized and the abrasive
slurry 120 1s released through a port 124 located in the
bottom of the slurry containment vessel 114 (or a tubing
connected the top of vessel 114).

The slurry containment vessel 114 1s pressurized by a high
pressure pump 126. The manner 1n which the high pressure
pump 126 builds pressure may be widely varied. In the
illustrated embodiment, the high pressure pump 126 pumps
a fluid from the fluid source 116 1nto the slurry containment
vessel 114 until the slurry containment vessel 114 1s
adequately pressurized. By way of example, the slurry
containment vessel may be pressurized between about 1,000
PSI and about 50,000 PSI.

The abrasive cartridge 118 1s configured to supply new
abrasive maternal to the assembly 112. When emptied, the
abrasive cartridge 118 1s removed from the assembly 112
and a new abrasive cartridge 118 filled with new abrasive
maternial 1s mserted into the assembly 112. This particular
method prevents contaminants from entering the singulation
engine. The abrasive material filled 1n the cartridge 118 may
be wet or dry. In the 1llustrated embodiment, however, the
cartridge 1s prefilled with only the dry abrasive matenal.
This 1s done to reduce the weight of the cartridge 118 so that
it can be easily handled by an operator. Once the cartridge
118 1s connected to the assembly 112, a fluuid may be
introduced into the cartridge 118 1n order to “wet” the dry
abrasive thereby helping to reduce air 1n the system. As
should be appreciated, the lack of air 1n the pressurized
stream helps prevent the nozzle aperture from widening. The
fluid may also help move the wet abrasive (slurry) to the
slurry containment vessel.

As shown 1n FIG. 9, a diaphragm pump 128 1s used to
both feed a flmd 1nto the abrasive cartridge 118 1n order to
“wet” the abrasive material and to force the “wet” abrasive
material to the slurry containment vessel 114. The dia-
phragm pump generally operates at low pressure, as for
example between about 1 PSI and about 75 PSI. The
diaphragm pump 127 may receive the fluid directly from a
fluid source or it may receive the fluid indirectly from the
slurry containment vessel 114 as shown. In operation, the
diaphragm pump 127 pumps the fluid into the cartridge 118
thereby allowing the flmd to mix with the abrasive and
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forcing the wet abrasive from the cartridge 118 into the
vessel 114 through the recharge valve 122. In order to tlush
and drain the components of the assembly 112, the assembly
112 may include a flush water valve 128 for introducing a
fluid 1nto the assembly 112, and a drain 129 to remove air or
fluid from the system.

An operational sequence of the abrasive slurry delivery
assembly 112 will know be discussed 1n accordance with
one embodiment. The sequence generally begins by opening
the tlush water valve 128 1n order to introduce water into the
cartridge 118. Once the cartridge 118 1s filled with water, the
flush water valve 128 1s closed. Thereafter, the recharge
valve 122 of the slurry containment vessel 114 1s opened.
Once opened, the diaphragm pump 128 1s activated thereby
causing the abrasive to be sucked from cartridge 118 to the
slurry containment vessel 114. Once the containment vessel
114 1s full of abrasive, the flush water valve 128 1s opened
in order to clean the hose and recharge valve 122. After the
system 15 cleaned, the diaphragm pump 128 is deactivated,
1.€., shuts down, and the recharge valve 122 and flush valve
128 are closed. The abrasive slurry delivery assembly 112 1s
now ready to pump the abrasive to the nozzle assembly. In
particular, the high pressure pump 126 1s activated thereby
pressurizing the slurry containment vessel and forcing the
abrasive slurry 120 out of the slurry containment vessel 114
and 1nto the nozzle assembly.

FIG. 10 1s a simplified side view of a wet slurry filter
arrangement 130, 1n accordance with one embodiment of the
present invention. By way of example, the filter arrangement
130 may be used mn a re-circulatory delivery assembly
between the holding tank and the vessel (see FIG. 6). The
filter arrangement 130 1ncludes a plurality of filter elements
132, which are layered one on top of the other. Each filter
clement 132 includes a container 134 and a filter 136. The
filter 136 1s configured to separate the container 134 into first
and second chambers 138 and 140. The filter 136 1s prefer-
ably designed to allow good abrasive material to flow from
the first chamber 138 into the second chamber 140 while
preventing oversized abrasive material or contaminant mate-
rial from flowing therethrough (e.g., oversized matenal).
This 1s generally accomplished with mesh screen having a
plurality of openings 142 dimensioned similarly to the size
of the good abrasive material, 1.e., particles in the slurry that
are smaller than size of the opening pass through the
openings 142 while particles that are larger than the size of
the openings 142 are blocked from passing through the
openings. In essence, the oversized matenal 1s retained 1n
the first chamber 138 and the good matenal is retained in the
second chamber 140. By way of example, the size of the
openings may be between about 20 mesh and about 500
mesh, and more particularly between about 100 mesh and
about 150 mesh.

In order to utilize the wet slurry filter arrangement 130,
cach filter element 132 includes a used slurry inlet 142 for
receiving used slurry. For example, a slurry that has been
previously used to cut through a substrate. As should be
appreciated, used slurry may contain particles from the cut
substrate. The used slurry inlet 142 1s located in the first
chamber 138 thereby allowing the used slurry to be 1ntro-
duced into the first chamber 138. Each filter element 132
also includes an oversized slurry outlet 144 and a good
slurry outlet 146. The bad slurry outlet 144 1s located 1n the
first chamber 138 and the good slurry outlet 146 1s located
in the second chamber 140. The outlets 144 and 146 are
generally positioned opposite the mlet 142, 1.e., the inlets
and outlets are on opposing ends of the filter element.
During operation, the used slurry 1s introduced nto the first
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chamber 138. As it passes from one end of the first chamber
138 to the other end of the first chamber 138, the good slurry
drops through the filter 136 into the second chamber 140.
Once 1n the second chamber 140, the good slurry exits out
of the good slurry outlet 146. The good slurry from each of
the good slurry outlets 146 are combined and remtroduced
back into the system. The slurry left in the first chamber 138
exits out of the bad slurry outlet 144. The bad slurry from
cach of the filtering elements 132 are combined and
removed from the system.

Because the particles are small, the size of each of the
filter arrangements can be small. By way of example, each
of the filter arrangements may have a length (from opposing
sides) between about 300 to about 600 mm, a width between
about 100 to about 400 mm and a height between about 20
to about 200 mm. As should be appreciated, multiple filter-
ing elements can be layered on top of each other to increase
the speed that the slurry 1s filtered. By way of example, the
wet slurry filter arrangement 130 may include 2 to about 20
filter elements.

FIG. 11 1s top view of a chuck assembly 150, in accor-
dance with one embodiment of the present invention. The
chuck assembly 150 1s generally configured to hold an
unsingulated substrate and the singulated integrated circuit
packages cut therefrom before, during and after a singulation
procedure carried out with a cutting beam. The chuck
assembly 150 generally includes a chuck 152 having a
plurality of openings 154 and a plurality of slots 156. The
openings 154 provide a vacuum therethrough so as to hold
the substrate therecon. The slots 156 provide a passageway
through which a jet stream may pass when cutting the
substrate. By way of example, the chuck 152 may generally
correspond to the chuck shown 1n FIG. 6.

The configuration of the openings 154 and slots 156 may
be widely varied. In general, the chuck 152 includes one or
more groups ol openings 154 that are arrayed in rows and
columns. The slots 156 are spatially separated from the
openings 154 and are typically positioned 1n either rows or
columns alongside the openings 154. In the 1illustrated
embodiment, the slots 156 are positioned in columns. In
most cases, there 1s a slot 156 outside the first and last
column or rows of openings 154 and between each row and
column of openings 154. The slots 156 may include starter
holes 158. The starter holes 138 provide a place where a
cutting path can begin. The configuration and number of
starter holes 158 generally depends on the configuration of
packages formed on the substrate (e.g., number of groups,
package spacing, etc.), the number of nozzles used to cut the
substrate (e.g., single, multiple) and the cutting sequence
used to cut the substrate (e.g., continuous, incremental, etc.).

The chuck assembly 150 may include any number of
chucks 152. When using a single chuck, a first set of linear
cuts may be performed when the substrate 1s 1 a first
position relative to the chuck and a second set of linear cuts
may be performed when the substrate 1s 1n a second position
relative to the chuck. For example, the substrate may be
rotated between sets of cuts 1n order to make orthogonal cuts
on the substrate. Although the cutting path 1s 1n a single
direction, multidirectional cuts on the substrate may be
performed thereby leaving a plurality of square or rectangle
packages. When using multiple chucks, a first set of linear
cuts may be performed 1n a first direction on a first chuck and
a second set of linear cuts may be performed in a second
direction on a second chuck. In this implementation, the
position of the slots generally depends on the direction of the
cuts being performed on the chuck. For example, 1t the
chuck 1s configured for x axis cutting then the slots are
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situated in the x direction (columns), and 1f the chuck 1s
configured for y axis cutting then the slots are situated 1n the
y direction (rows).

Although only one chuck configuration 1s shown in FIG.
11, 1t should be noted that this 1s not a limitation and that
other configurations may be used. For example,

FIGS. 12A-12C each show diflerent configurations of a
chuck. In FIG. 12A, each slot 156 includes a starter hole 158
and all of the starter holes 158 are on the same side of the
slots 156. In FIG. 12B, each slot 156 includes a starter hole
158, however, the starting holes 158 alternate back and forth
between opposing sides of the slots 156. In FIG. 12C, the
slot 1s formed by one continuous slot rather than a plurality
of spatially separated slots (e.g., serpentine configuration).

FIG. 13 1s a perspective view of a chuck assembly 200, in
accordance with one embodiment of the present invention.
By way of example, the chuck assembly 200 may corre-
spond to the chuck shown in FIG. 6. The chuck assembly
200 1s generally configured to hold an unsingulated substrate
and the singulated integrated circuit packages cut therefrom
before during and after a singulation procedure carried out
with a cutting beam. The chuck assembly 200 generally
includes a first chuck 202 and a second chuck 204. The first
chuck 202 i1s configured to hold a substrate (and the inte-
grated circuit packages formed therefrom) during y axis
cutting, and the second chuck 204 1s configured to hold the
substrate (and the integrated circuit packages formed there-
from) during x axis cutting. For a given substrate, the
substrate 1s typically cut 1n a first direction, as for example
the y direction, and thereafter it 1s cut 1n a second direction,
as for example the x direction. As should be appreciated, this
cross cutting technique 1s configured to cut rectangle or
square integrated circuit packages from the substrate.

A typical sequence may include, placing a substrate on the
first chuck 202, making multiple cuts in the y direction on
the first chuck 202, thereafter transferring the substrate to the
second chuck 204, and then making multiple cuts in the x
direction on the second chuck 204. The cuts may be made by
one or more cutting beams that are moved 1n the x and y
directions via a robot assembly. Furthermore, the transfer-
ring may be accomplished with some sort of pick and place
machine that uses pick devices to pick and place the sub-
strate and a robot assembly to move the substrate.

Each of the chucks 202 and 204 1s supported on a base
206, and includes a vacuum platform 208 and a vacuum
manifold 210. As shown, the vacuum platiform 208 1s
disposed on the vacuum manifold 210 and the vacuum
manifold 210 1s disposed on the base 206. These compo-
nents are configured to work together to hold the substrate
and the integrated circuit packages cut therefrom with a
vacuum. These components are also configured to work
together to allow a cutting beam to be directed therethrough
in the z direction. These components may be attached using
any suitable means.

Referring to FIG. 14, the chuck assembly 200 will be
described in greater detail. The vacuum platform 208 is
configured to receive the substrate thereon. The vacuum
plattorm 208 includes a plurality of openings 212 that
provide a vacuum therethrough so as to hold the substrate
thereon. The openings 212 may be widely varied. The
opening configuration and size generally depends on the size
of the substrate and the size and number of integrated circuit
packages cut therefrom. In most cases, there 1s an opening,
for each integrated circuit package. Furthermore, the open-
ings are typically grouped in rows and columns. The rows
and columns may be part of one or more groups. In the
illustrated embodiment, the rows and columns are separated
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into four groups. By way of example, these four groups may
correspond to the four groups shown on the substrate 1in FIG.

3B.

The vacuum platform 208 also includes a plurality of slots
214 that provide a space through which a cutting beam may
pass when cutting along the x and y axis. The slots 214 are
generally positioned 1n the space between the openings 212.
The position of the slots 214 generally coincide with the saw
streets of the substrate, 1.¢., the space between the itegrated
circuit packages that 1s dedicated for cutting. The path of the
slots 214 may be oriented 1n a single direction (e.g., X or y)
or they may be bidirectional (e.g., x and y). In the 1llustrated
embodiment, the slots on each of the chucks are oriented 1n
a single direction. Although similar 1n most respects, each of
the chucks 208 i1s configured to serve different cutting
directions, and therefore the slots 214 are positioned 1n
different directions on the vacuum platforms 208 of the two
chucks 202 and 204. As shown, the slots 214 A are positioned
linearly 1n the y direction 1n the first chuck 202, and the slots

214B are positioned linearly in the x direction in the second
chuck 202.

Each of the vacuum platiorms 208 also include one or
more alignment pins 216 for aligning the substrate on the
vacuum platforms 208. The alignment pins 216 are generally
configured to extend into alignment holes in the substrate.

Similarly to the vacuum pedestals 208, the vacuum mani-
tolds 210 include a plurality of slots 218 that provide a space
through which a jet stream may pass when cutting along the
x and vy axis. The position of the slots 218 1n the vacuum
mamifold 210 generally coincide with the position of the
slots 214 1n the vacuum platform 208, 1.e., they have a
similar size and direction, and they are aligned when the
vacuum platform 208 i1s attached to the vacuum manifold

210.

The vacuum manifolds 210 also include a plurality of
vacuum channels 222 configured to provide a vacuum
passageway to the openings 212 of the vacuum pedestals
208. The channels 222 may be widely varied. The channel
configuration and size generally depends on the size and
configuration of the vacuum pedestal openings 212 as well
as the direction of the slots 214/218. In the illustrated
embodiment, there 1s a channel 222 for each row or column
of openings 212. The channels 222 typically run linearly
between the slots 214/218. As such, the channels 222 A 1n the
vacuum manifold 210A of the first chuck 202 run in the y
direction, and the channels 222B 1n the in the vacuum
mamfold 210B of the second chuck 204 run in the x
direction. The channels 222 are typically coupled to a main
channel 224 that intersects one or more openings 226 that
extend through the vacuum manifolds 210. The openings
226 are configured to mate with a coinciding set of openings
228 1n the base 206 of the chuck assembly 200. These
openings run through the base 206 and couple to vacuum
fittings 230, which couple to a vacuum source via vacuum
tubing (not shown).

The base 206 1s configured to support the chucks 202 and
204 1n their desired position relative to each other and
relative to a singulation engine such as for example the
singulation engine shown in FIG. 6. The base 206 includes
a pair of voids 232, each of which 1s disposed underneath
one of the chucks 202 and 204. The voids 232 provide a
space through which a jet stream may pass when cutting
along the x and y axis, 1.e., through the slots 214/218. The
portion of the base 206 that surrounds the voids 232 serves
as a point for connecting the chucks 202 and 204 to the base
206. The periphery of the voids 232 1s smaller than the
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periphery of the chucks 202 and 204 and thus the base 206
provides a shoulder 234 for which the chucks 202 and 204
may rest or be attached.

The vacuum platform 208 or portions thereof may be
formed from various materials, including but not limited to,
deformable and/or rigid matenals. By way of example, the
vacuum platform may be formed from materials such as
ceramic, metal, plastic, rubber and/or the like. It may be
preferable that the vacuum platform 208 be formed from
materials that are capable of withstanding the rigors of a jet
stream cutting sequence. Alternatively or additionally, 1t
may be preferable that the vacuum platform material be able
to withstand, for a commercially satisfactory number of
cycles, the de-iomized water rinsing process that may be
employed before, during and after cutting. Alternatively or
additionally, 1t may be preferable that the vacuum platiorm
material possess anti-static properties to prevent damage to
the integrated circuits being fabricated. Alternatively or
additionally, 1t may be preferable that the vacuum platform
material possess a high friction coethicient relative to the
undersurface of the substrate to prevent translational and/or
rotational movement of the substrate and/or the individual
packages during and after cutting. Alternatively or addition-
ally, 1t may be preferable that the vacuum platform material
provide a surface with sealing capabilities. For example,
when a vacuum 1s applied to the package through the
vacuum opening, the surface contacting the package
deforms to the edge of the package thereby sealing the
interface between the surface of the vacuum platform and
the surface of the package.

In one embodiment, the vacuum platform 1s formed from
a rubber like material such as “VITON" a synthetic material
available from McDowell & Company of Downey, Calif. or
Pacific State Felt & Mig. Co. Inc. of Hayward Calif. The
resilient VITON matenal, in addition to being conformable
and/or compressible, also offers substantial advantages with
respect to machinability, high friction, anti-static property,
relative 1nertness to the rinsing chemicals, and general
durability when employed 1n the vacuum platform applica-
tion. Although the term “rubberized” 1s used, 1t should be
noted that the vacuum platform 1s not limited to rubber
materials and that the term “rubberized” 1s used to reference
some of the above mentioned properties (e.g., sealing). In
another embodiment, the vacuum platiorm 1s formed from
stainless steel such as Corrax stainless steel. The steel may
have a hardness between about 48-50 RC. In yet another
embodiment, the vacuum platform may be formed from a
combination of materials. For example, the vacuum platform
may include a top layer formed from VITON and a lower
layer formed from stainless steel.

The vacuum mamifold may be formed from similar mate-
rials as the vacuum platform, as for example ceramics,
metal, plastics, rubber and the like. In one embodiment, the
vacuum manifold 1s formed from stainless steel. By way of
example, the stainless steel may be Corrax stainless steel.
The steel may have a hardness between about 48-50 RC.

The vacuum platiorm and manifolds may be formed using
any suitable technique including but not limited to machin-
ing, molding and the like. For example, when using stainless
steel, the openings and the slots may be formed by EDM.
When using a rubber-like material, the slots may be formed
by the cutting beam of the singulation engine during an
initial cutting sequence. That 1s, the cutting beam may be
used to cut through the material and form the requisite slots
therein. The vacuum pedestal may be attached to the vacuum
manifold using any suitable attachment means 1including but
not limited to conventional fasteners such as bolts, adhe-
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sives, welding, clamps, and the like. When using a rubber-
1zed vacuum pedestal, the vacuum pedestal may be attached
to the vacuum manifold via an adhesive such as glue or
epoxy. The vacuum pedestal/manifold combination can be
fastened to the base via one or bolts.

Referring to FIGS. 15 and 16, the chucks 202 and 204 waill
be described in greater detail. In both these Figures, a
substrate S 1s being held to the chuck 202 or 204 during a
cutting sequence. The substrate 1s typically aligned with the
chuck 202 or 204 via alignment pins 216. As shown 1n FIG.
15, the vacuum platiorm 208 includes a vacuum opening
212 for each package P and thus the entire substrate S as well
as each mdividual package P being cut therefrom is held on
the vacuum platform 208 before, during and after singula-
tion via a suction force (e.g., vacuum). To elaborate, the
vacuum platiorm 208 1s positioned over the vacuum mani-
fold 210 and each row (or column) of openings 212 1is
located over a vacuum channel 222 1n the vacuum manifold
210. Each vacuum channel 222 connects to the main channel
224 of the vacuum manifold 210 and the main channel 224
connects to the opening 226 of the vacuum manifold 210.
Moreover, the vacuum mamifold 210 is positioned over the
base 206 and the opening 226 of the vacuum manifold mates
with the opening 228 of the base 206. The opening 228 runs
through the base 206 and couples to a vacuum source via
vacuum tubing and vacuum fittings (not shown). When the
vacuum source 1s turned on, a suction force 1s pulled through
the previously mentioned vacuum passageways (as shown
by the arrows) in order to secure the substrate S and
individual package P being cut therefrom to the surface of
the vacuum platform 208.

As shown 1n FIG. 16, the vacuum platform 208 includes
a slot 214 that 1s aligned with a corresponding slot 218 of the
vacuum manifold 210. The slots 214/218 cooperate to form
an opening 219 in the chuck 202 or 204. The opening 219
1s positioned over the void 232 1n the base 206. The length
of the opening 219 is typically the same size or smaller than
the length of the void 232 During the cutting sequence, the
jet stream JS cuts through the substrate and passes through
opening 219 of the chuck 202 or 204 and the void 232 of the
base 206. After passing through the void 132, the jet stream
IS may be diffused 1n a holding tank as discussed previously.
In addition, the jet stream JS moves linearly to the right
through the opening 219 in order to form a linear cut C in
the substrate S. By way of example, the jet stream JS may
be moved 1n the x or y direction depending on the chuck
being used.

Although not shown 1n erther FIG. 15 or 16, the top layer
of the vacuum platform 208 may include a deformable
material so as to provide a seal between the top surface of
the vacuum platform 208 and the bottom surface of the
substrate S and individual package P being cut therefrom
when the suction force 1s supplied. The top layer may be a
continuous portion of the vacuum platform 208 or 1t may be
a separate component adhered thereto. A seal may also be
provided between each of the various layers of the chucks
202 and 204 1n order to seal the vacuum passageways.

FIGS. 17A-F are diagrams of a vacuum platiorm 250, 1n
accordance with one embodiment of the present invention.
The vacuum platform 250 1s configured to allow linear cuts
in the y direction. As such, the vacuum platiform 250 may
generally correspond to the vacuum platform 208 A shown 1n
FIGS. 13 and 14. To elaborate, FIG. 17A 1s a perspective
view of the vacuum platiform 250, FIG. 17B 1s a top view of
the vacuum platiform 250, FIG. 17C 1s a front view, in cross
section (taken along line C—C"), of the vacuum platiorm 250,
FIG. 17D 1s a side view, 1n cross section (taken along line
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D-D"), of the vacuum platiorm 250, FIG. 17E 1s a side view,
in cross section (taken along line E-E'), of the vacuum
platform 250 and FIG. 17F 1s a close up front view, in cross
section, of a portion of the rubber like vacuum platform 250.

As shown, the vacuum platform 250 includes a plurality
of openings 252 and a plurality of slots 254. Each of the
openings 232 1s formed by two parts, a recessed or coun-
tersunk portion 256 and a through hole 258. The recessed
portion 156 has a greater diameter than the through hole 258,
but 1s smaller than the periphery of the package. Although
not a requirement, the openings 252 are positioned 1n four
groups 260. The groups 260 include openings 252 that are
arrayed 1n columns 262 and rows 264. The number of rows
264 and columns 262 in each group 260 may be widely
varied. In the illustrated embodiment, there are 7 rows and
7 columns.

The slots 254 are positioned in the y direction between
cach column 262. The slots 254 are also positioned outside
the first and last column of each group 260. The slots 254
generally extend further than the first and last opening 1n the
columns 262. The first slot 1n each group (the one that 1s
outside the first column of openings) extends even further
than the rest of the slots so as to connect to a starter hole 266.
The starter hole 266 provides a starting point for when the
jet stream 1s turned on. For example, a cutting sequence
generally begins by placing the centerline of the nozzle over
the starter hole 266 before making any linear cuts. The
diameter of the starter hole 266 1s generally bigger than the
width of the slot 254. The slot 254 1s generally slightly larger
than the width of the jet stream.

FIGS. 18A-E are diagrams of a vacuum platform 270, in
accordance with one embodiment of the present invention.
The vacuum platiform 270 1s configured to allow linear cuts
in the x direction. As such, the vacuum platform 270 may
generally correspond to the vacuum platiorm 208B of FIGS.
13 and 14. To elaborate, FIG. 18A 1s a perspective view of
the vacuum platform 270, FIG. 18B 1s a top view of the
vacuum platform 270, FIG. 18C 1s a front view, 1n cross
section (taken along line C—C"), of the vacuum platiorm 270,
FIG. 18D 1s a side view, 1n cross section (taken along line
D-D"), of the vacuum platiorm 270, and FIG. 18E 1s a

portion, 1n cross section, of the vacuum platform 270.

As shown, the vacuum platform 270 includes a plurality
of openings 272 and a plurality of slots 274. Each of the
openings 272 1s formed by two parts, a recessed or coun-
tersunk portion 276 and a through hole 278. The recessed
portion 276 has a greater diameter than the through hole 278,
but 1s smaller than the periphery of the package so that the
package may be retained by a suction force. Although not a
requirement, the openings 272 are positioned 1n four groups
270. The groups 270 include openings 272 that are arrayed
in columns 272 and rows 274. The number of rows 274 and
columns 262 1n each group 270 may be widely varied. In the
illustrated embodiment, there are 7 rows and 7 columns.

The slots 274 are positioned in the x direction between
cach row 284. The slots 274 are also positioned outside the
first and last rows of each group 280. The slots 274 generally
extend further than the first and last opeming 272 1n the row
284. The first slot 1n each group (the one that 1s outside the
first row of openings) 1s coupled to a starter hole 286 via a
starter slot 288 that 1s perpendicular to the first slot. The
starter hole 286 provides a starting point for when the jet
stream 1s turned on. For example, a cutting sequence gen-
erally begins by placing the centerline of the nozzle over the
starter hole 286 before making any linear cuts. The diameter
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ol the starter hole 286 1s generally bigger than the width of
the slot 274. The slot 274 1s generally a slightly larger than
the width of the jet stream.

FIGS. 19A-E are diagrams of a rubber like vacuum
platform 240, 1n accordance with one embodiment of the
present invention. By way of example, the rubber like
vacuum platiorm 240 may generally correspond to any of
the vacuum platforms 208A or 208B shown 1n FIGS. 13 and
14. The rubber like vacuum platform 240 1s shown before
the slots have been formed therein. As mention previously,
the slots may be formed with a jet stream of the singulation
engine. For example, the rubber like vacuum platiorm 240
may be attached to a vacuum manifold, and thereaiter cut via
the jet stream while 1n the singulation engine. In one
embodiment, the rubber like vacuum platform 1s formed
from VITON.

To elaborate, FIG. 19A 1s a perspective view of the rubber
like vacuum platform 240, FIG. 19B 1s a top view of the
rubber like vacuum platiorm 240, FIG. 19C 1s a front view,
in cross section (taken along line C—C"), of the rubber like
vacuum platiorm 240, FIG. 19D 1s a side view, in cross
section (taken along line D-D'), of the rubber like vacuum
plattorm 240, and FIG. 19E 1s a close up front view, 1n cross
section, of a portion of the rubber like vacuum platiform 240.
As shown 1n all the Figures, the rubber like vacuum platform
240 1includes a plurality of openings 242. Each of the
openings 242 1s formed by two parts, a recessed or coun-
tersunk portion 244 and a through hole 246. The recessed
portion 244 has a greater diameter than the through hole 146,
but 1s smaller than the periphery of the package.

FIGS. 20A-F are diagrams of a vacuum manifold 290, 1n
accordance with one embodiment of the present invention.
The vacuum mamifold 290 1s configured to allow linear cuts
in the y direction. As such, the vacuum manifold 290 may
generally correspond to the vacuum manifold 210A shown
in FIGS. 13 and 14. To elaborate, FIG. 20A 1s a perspective
view of the vacuum manifold 290, FIG. 20B 1s a top view
of the vacuum manifold 290, FIG. 20C 1s a front view, 1n

cross section (taken along line C—C"), of the vacuum mani-
fold 290, FIG. 20D 1s a side view, 1n cross section (taken

along line D-D"), of the vacuum manifold 290, FIG. 20E 1s
a side view, 1n cross section (taken along line E-E'), of the
vacuum manifold 290 and FIG. 20F 1s a portion, 1n Cross
section, of the vacuum manifold 290.

As shown, the vacuum manifold 290 includes a plurality
of channels 292 and a plurality of slots 294. Both the
channels 292 and the slots 294 are positioned i1n the vy
direction. Although not a requirement, the channels 292 are
positioned 1n four groups 302. The number of channels 292
in each group 302 may be widely varied. The number of
channels 292 generally corresponds to the number of col-
umns of openings found in the vacuum platiorm, which
connects to the vacuum manifold 290. That 1s, the channels
292 are configured to coincide with the openings of the
vacuum platform so as to provide a suction force there-
through. Each of the channels 292 fluidly couples to a
corresponding column of openings 1n the vacuum platform.
In the 1llustrated embodiment, there are 7 columns. In order
to provide a vacuum to the channels 292, each of the
channels 292 fluidly couples to a main channel 304, which
in turn couples to a pair of openings 306. The channels 300

and 304 are recessed within the top surface of the vacuum
manifold 290 while the openings 306 extend through the
vacuum manifold 290.

The slots 294 are positioned between each channel 292.
The slots 294 are also positioned outside the first and last
channel 292 of each group 302. The slots 294 generally
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extend further at the one end compared to the channels 292.
The first slot 1n each group (the one that 1s outside the first
channel) extends even further than the rest of the slots so as
to connect to a starter hole 308. The starter hole 308 provides
a starting point for when the jet stream 1s turned on. For
example, a cutting sequence generally begins by placing the
centerline of the nozzle over the starter hole 308 before
making any linear cuts. The diameter of the starter hole 308
1s generally bigger than the width of the slot 294. The slot
294 1s generally slightly larger than the width of the jet
stream. As should be appreciated, the position, and size of
the slots 94 1n the vacuum manifold 290 generally coincides
with the position and size of the slots 1n the mating vacuum
platiorm, 1.e., they are aligned such that they form a unified
slot.

FIGS. 21 A—G are diagrams of a vacuum manifold 310, in
accordance with one embodiment of the present invention.
The vacuum manifold 310 1s configured to allow linear cuts
in the x direction. As such, the vacuum manifold 310 may
generally correspond to the vacuum manifold 210B shown
in FIGS. 13 and 14. To elaborate, FIG. 21A 1s a perspective
view of the vacuum manifold 310, FIG. 21B 1s a top view
of the vacuum manifold 310, FIG. 21C 1s a front view, in
cross section (taken along line C—C"), of the vacuum mani-
fold 310, FIG. 21D 1s a front view, 1n cross section (taken
along, hne D—D') of the vacuum manifold 310, FIG. 21E 1s

a side view, 1n Ccross section (taken along line *—_,) of the
vacuum manifold 310, FIG. 21F 1s a side view, in cross
section (taken along line F—F"), of the vacuum manifold 310,
and FIG. 21G 1s a portion, 1n cross section, of the vacuum
manifold 310.

As shown, the vacuum manifold 310 includes a plurality
of channels 312 and a plurality of slots 314. Both the
channels 312 and the slots 314 are positioned 1n the y
direction. Although not a requirement, the channels 312 are
positioned 1 two groups 316. The number of channels 312
in each group 316 may be widely varied. The number of
channels 312 generally corresponds to the number of rows
of openings found in the vacuum platform, which connects
to the vacuum manifold 310. That 1s, the channels 312 are
configured to coincide with the openings of the vacuum
platiorm so as to provide a suction force therethrough. Each
of the channels 312 fluidly couples to a corresponding
column of openings 1n the vacuum platform. In the 1llus-
trated embodiment, there are 7 columns. In order to provide
a vacuum to the channels 312, each of the channels 312
fluidly couples to a main channel 318, which 1n turn couples
to a pair of openings 320. The channels 312 and 318 are
recessed within the top surface of the vacuum manifold 310
while the openings 320 extend through the vacuum manifold
310.

The slots 314 are positioned between each channel 312.
The slots 314 are also positioned outside the first and last
channel 312 of each group 316. The first slot in each group
(the one that 1s outside the first channel) 1s coupled to a
starter hole 322 via a starter slot 324 that 1s perpendicular to
the first slot. The starter hole 322 provides a starting point
for when the jet stream 1s turned on. For example, a cutting
sequence generally begins by placing the centerline of the
nozzle over the starter hole 322 before making any linear
cuts. The diameter of the starter hole 322 is generally bigger
than the width of the slot 314. The slot 214 1s generally
slightly larger than the width of the jet stream. As should be
appreciated, the position, and size of the slots 314 1n the
vacuum manifold 310 generally coincides with the position
and size of the slots 1n the mating vacuum platiorm, 1.e., they
are aligned such that they form a unified slot.
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FIGS. 22A-1] illustrate a cutting sequence using the gang,
mamifold assembly 80 shown i FIGS. 7A and 7B and the

chuck assembly 200 shown in FIGS. 13 and 14. The
sequence generally begins by placing a substrate 350 on the
chuck 202 as shown 1n FIG. 22A. This 1s generally accom-
plished manually or using some sort of pick and place
machine (not shown). During placement, the substrate 350 1s
positioned on the surface of the vacuum platform 208 A and
the substrate 350 1s aligned relative to the chuck 202 via
alignment pins 216. After placement, the vacuum 1s turned
on, and the substrate 350 1s held 1n place by a suction force.

The suction force 1s generated through the openings 212 of
the vacuum platiform 208 A, and the channels (not shown) of
the vacuum manifold 210A. As shown i FIG. 22A, the
substrate 350 includes a plurality of integrated circuit pack-
ages 352 formed thereon. By way of example, the integrated
circuit packages 352 may be QFN packages.

Once the substrate 352 1s fixed by the suction force, the
gang manifold assembly 80 moves 1nto 1ts starting position
over the chuck 202 as shown in FIG. 22B. This 1s generally
accomplished by an x, y, z robot that moves the gang
manifold 80 from an 1nitial position to the cutting position.
By way of example, the manifold 84 of the gang mamiold
assembly 80 may be attached to a transfer arm 356 of a robot
system. As shown, the gang manifold 80, and more particu-
larly the nozzles 82 are positioned in close proximity to the
surface of the substrate 350. That 1s, the robot moves the
gang manifold 80 in the z direction until the nozzles 82 reach
a specified cutting height, which 1s generally very close to
the substrate. In most cases, the starting position in the x and
y directions 1s defined by starter hole (not shown) on the
chuck 202.

While maintaining the suction force, the gang manifold
assembly 80 begins to make linear cuts 360 on the substrate
350 1n the y direction as shown 1 FIGS. 22C and 22D. This
1s generally accomplished by turning on the jet stream (not
shown) and moving the gang manifold 1n the y direction via
the robot system. The movement of the gang manifold
assembly 80 may be widely varied. In general, the nozzles
82 are moved together along a linear path so that multiple
linear cuts 360 are made. Although only one linear cut 360
can be made with a single nozzle 82 at any one time, the
surface of the substrate 350 1s sequentially exposed to the jet
stream 1n order to make multiple cuts. The nozzles may
make one pass in the y direction and then step over 1n the x
direction 1n order to make another pass in the y direction.
The linear cuts 360 generally extend from the edge of the
first package 362 to the edge of the last package 364 1n the
group. In one embodiment, a serpentine path, which moves
back and forth in the direction of the y-axis while being
incremented 1n the x-direction at the end of each traverse,
may be used. In this particular embodiment, the movements
in the x direction are performed at high speeds so that the jet
stream 1s prevented from cutting through the substrate. This
embodiment will be described 1n greater detail below.

After making the final linear cut, the gang manifold
assembly 80 moves away from the chuck 202 and the
vacuum 1s turned ofl thereby releasing the suction force that
had been holding the substrate 3350. Thereafter, the cut
substrate 350 1s removed from the chuck 202 and placed on
the second chuck 204 as shown 1n FIGS. 22E and 22F. This
1s generally accomplished manually or using some sort of
pick and place machine (not shown). During placement, the
substrate 3350 1s positioned on the surface of the vacuum
plattorm 208B and the substrate 350 1s aligned relative to the
chuck 204 via alignment pins 216. After placement, the
vacuum 1s turned on, and the substrate 350 1s held 1 place
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by a suction force. The suction force 1s generated through the
openings 212 of the vacuum platiform 208B, and the chan-
nels (not shown) of the vacuum mamiold 210B.

Once the substrate 350 1s fixed by the suction force, the
gang manifold assembly 80 moves 1nto 1ts starting position
over the chuck 204 as shown in FIG. 22B. This 1s generally
accomplished by an x, y, z robot that moves the gang
manifold 80 from either the mitial position or the first cutting,
position to a second cutting position. Simarly to the above,
the gang manifold 80, and more particularly the nozzles 82
are positioned 1n close proximity to the surface of the
substrate 350. That 1s, the robot moves the gang manifold 80
in the z direction until the nozzles 82 reach a specified
cutting height. In most cases, the starting position 1n the x
and y directions 1s defined by starter hole (not shown) on the
chuck 104.

While maintaining the suction force, the gang manifold
assembly 80 begins to make linear cuts 366 on the substrate
350 1n the x direction as shown in FIGS. 22H and 22I. This
1s generally accomplished by turning on the jet stream (not
shown) and moving the gang manifold assembly 80 1n the x
direction via the robot system. The movement of the gang
manifold assembly 80 may be widely varied. In general, the
nozzles 82 are moved together along a linear path so that
multiple linear cuts 366 are made. Although only one linear
cut 366 can be made with a single nozzle 82 at any one time,
the surface of the substrate 350 1s sequentially exposed to the
jet stream 1n order to make multiple cuts 366. For example,
the nozzles 82 may make one pass 1n the x direction and then
step over 1n the y direction 1n order to make another pass 1n
the x direction. The linear cuts 366 generally extend from the
edge of the first package 362 to the edge of the last package
368 in the group. In one embodiment, a serpentine path
which moves back and forth i1n the direction of the x-axis
while being incremented 1n the y-direction at the end of each
traverse, may be used. This embodiment will be described in
greater detail below.

After making the final linear cut, the gang manifold
assembly 80 moves away from the chuck 204 and the
remnant 350" of the substrate 350 1s removed from the chuck
204. This 1s generally accomplished manually or using some
sort of pick and place machine (not shown). After removing
the remnant 350' the singulated packages 352 remain on the
chuck 204. From here, the singulated packages can be
turther processed 1f desired. For example, they may be
moved ofl of the chuck by a pick and place machine or by
sliding them via a transfer arm. Belore doing so, however,
the vacuum 1s turned ofl thereby releasing the suction force
that had been holding the singulated packages 352. A post
package processing system that be used i1s described in
greater detail in patent application Ser. No. 10/227,163,
titled “Integrated Circuit Processing System”, filed on Aug.
22, 2002, which 1s herein incorporated by reference. A pick
and place machine that can be used 1s described 1n greater
detail 1n patent application Ser. No. 10/226,630, titled “High
Speed Pickhead™, filed on Aug. 22, 2002, which 1s herein
incorporated by reference.

FIGS. 23A and 23B are top view diagrams showing
serpentine paths 380 and 382, in accordance with one
embodiment of the present mnvention. The serpentine paths
380 and 382 may be used by the manifold assembly 80 to cut
the packages from the substrate 350. FIG. 23 A 1s directed at
y direction cuts, and FIG. 23B 1s directed at x direction cuts.
In FIG. 23A, the manifold assembly 80 i1s caused to move
back and forth in the direction of the y-axis while being
incremented 1n the x-direction at the end of each traverse. In
so doing, the jet stream 384 1s caused to move across a
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predetermined area of the substrate 350 (along the serpen-
tine path 380) thereby forming y-linear cuts 388 and x-linear
cuts 390. The predetermined area may correspond to a group
ol packages 352.

In FI1G. 23B, the manifold assembly 80 1s caused to move
back and forth in the direction of the x-axis while being
incremented 1n the y-direction at the end of each traverse. In
so doing, the jet stream 384 1s caused to move across a
predetermined area of the substrate 350 (along the serpen-
tine path 382). The predetermined area may correspond to a
group ol packages 352. Paths 380 and 382 are generally
positioned 1n the saw street 386 of the substrate 350, 1.¢., the
arca between each of the packages 352 that 1s dedicated to
dicing the substrate 350.

In one particular embodiment, the linear cuts 388 and 390
are pertormed at a first speed while the increments 392 and
394 orthogonal thereto are performed at a second speed. The
second speed 1s configured to be faster than the first speed
in order to prevent cuts through the substrate and to decrease
the cycle time associated with singulating the packages 352.
The ratio between the second speed and the first speed may
be between about 40:1 to about 3:1, and more particularly
about 20:1. By way of example, the linear cuts 388 and 390
may be cut at about 5 to about 10 mm/s and the increments
392 and 394 may be cut at about 200 mm/s

FIG. 24 1s a tflow diagram of a cutting method 400, 1n
accordance with one embodiment of the present invention.
By way of example, the cutting method may be associated
with the diagram shown 1n FIGS. 23A and 23B. The cutting
method 400 1s typically performed with a z axis beam such
as for example a z axis jet stream as discussed throughout
this document. The z axis beam 1s typically moved within a
plane that 1s perpendicular to the z axis beam in order to
1mplement a cutting sequence. Furthermore, the 7 ax1s beam
1s moved continuously without turning 1t of

The cutting method 400 generally begms at block 402
where the beam 1s moved 1n a first direction at a first speed
over a first distance. By way of example, the first direction
may be along the x or y axis. The first speed 1s generally
configured to allow the beam to cut through a substrate so as
to form a linear cut. The first distance generally corresponds
to the length needed to form the linear cut along the side of
one or more packages. In most cases, the linear cut 1is
configured to span more than one package, as for example,
a row or column of packages.

Following block 402, the process flow proceeds to block
404 where the beam 1s moved 1n a second direction at a
second speed over a second distance. In most cases, the
second direction 1s orthogonal to the first direction. By way
of example, if the first direction 1s along the vy axis then the
second direction 1s along the x axis (or vice versa). The
second speed 1s configured to be faster than the first speed.
By way of example, 1t may be faster on an order of 5 to 40
times, and more particular about 20 times. The faster speed
1s used to prevent cutting as well as to decrease the cycle
time of the cutting sequence. The second distance may be
widely varied, however the second distance i1s typically
smaller than the first distance in most cases.

FIG. 25 1s a diagram of a singulation engine 3500, 1n
accordance with one embodiment of the present invention.
As shown, the singulation engine 500 includes a gang
manifold assembly 510 and a chuck assembly 512. The gang
manifold assembly 510 1s shown 1n 1ts 1n1tial or i1dle position.
When a cut 1s to be made, the gang manifold 510 moves to
a cutting position, which 1s generally over the chuck assem-
bly 512. As shown, the gang manifold 510 includes a
plurality of nozzles 514 that are coupled to a mamifold 516.
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The manifold 516 1s attached to a robot system 518 config-
ured to move the gang manifold assembly 510 between the
initial and cutting positions and to move the gang manifold
assembly 510 during a cutting sequence. Although the robot
system may vary, the robot system in FIG. 25 corresponds
to a SCARA robot system.

The chuck assembly 3512, on the other hand, includes a
first chuck 520 and a second chuck 522. The first chuck 520
1s configured to hold a substrate during vy axis cutting and the
second chuck 522 is configured to hold the substrate during
X axis cutting. In this particular embodiment, the first and
second chucks are positioned side by side. The singulation
engine 500 also includes a holding tank (not shown) gen-
erally positioned below the two chucks 520 and 522. The
holding tank 1s configured to store the slurry and receive the
jet stream.

The singulation engine 300 also includes an abrasive
slurry delivery system 530 that 1s operatively coupled to the
holding tank wvia a recycle line 532 and to the nozzle
manifold 510 via a discharge line 534. The recycle line 532
1s used to supply the slurry delivery system with used slurry
and the discharge line 1s used to delivery good slurry to the
nozzle assembly. The used slurry may pass through a
filtering system 536 as for example the system shown 1n
FIG. 10. Once filtered, the filtered slurry can be introduced
into a slurry containment vessel 538. When the slurry
containment vessel 1s filled with good slurry, a pump 540
may be used to force the good slurry out of the containment
vessel 538 and into nozzle assembly 510 via the discharge
line 534.

When the good slurry i1s forced out of the nozzles, a
cutting sequence commences. As should be appreciated, the
robot system moves the nozzle assembly to the cutting
position from the mnitial position before the good slurry 1s
forced 1nto a cutting beam. During a cutting sequence, the
nozzle assembly can be continuously repositioned via the
vartous arms of the robot system in order to follow the
requisite cutting path. For example, the robot system may
move the nozzle assembly 1n the y direction when cutting,
over the first chuck 520 and 1n the x direction when cutting
over the second chuck 522. If the spacing between nozzles
1s large compared to the spacing between integrated circuit
packages on the substrate then multiple passes 1n both
directions may be required in order to fully singulate the
substrate. The passes may overlap on another.

In one embodiment, the angle of the nozzle assembly may
be adjusted by the robot system before performing a linear
cutting sequence 1n order to reduce the spacing between
cutting beams produced by the nozzles. Referring to FIGS.
26 A and 26B, the nozzle adjustment will be described 1n
greater detail. As shown in FIG. 26 A, the spacing D between
the cutting beams does not coincide with the spacing d
between devices or groups of devices 550 on a substrate 552.
The spacing D 1s typically controlled by the position of the
nozzles relative to one another. In order for the spacings d
and D to match, the nozzles can move relative to one another
or the entire nozzle assembly can be rotated. Rotating the
nozzle assembly 1s believed to provide the easiest solution.
As shown 1 FIG. 26B, the spacing D between the cutting
beams can be reduced to match the spacing d between device
550 (d=D) by rotating the entire nozzle assembly 0 while
keeping the positions of the nozzles relative to one another
fixed.

It should be noted that the configuration shown 1n FIG. 25
1s not a limitation. For example, the first and second chucks
may be positioned 1n line rather than side by side. Further-
more, more than one gang manifold assembly may be used.
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For example, a first gang manifold assembly may be used 1n
conjunction with y axis cuts and a second manifold assem-
bly may be used in conjunction with x axis cuts. This
particular configuration may require additional robot sys-
tems and discharge lines.

The advantages of the invention are numerous. Diflerent
embodiments or implementations may have one or more of
the following advantages. The present invention provides a
cost-eflective cutting process for fine geometry devices with
both straight line and curvilinear edges. In addition, the
water jet cutting process 1s material non-specific; therefore,
laminates and coated devices with both ductile a brittle
material can be cut 1n a single pass. Furthermore, the cutting
beam interacts with a substrate only along the vertical axis
thereby preventing the formation of shear forces. The
devices are therefore retained 1n their mntended position and
cut geometries remain consistent. Another benefit of this
water and slurry-based method 1s the continual renewal of
inexpensive abrasive (Al,O, or garnet). The abrasive i1s
never “dulled” by ductile or compliant materials. The pro-
cess remains mexpensive and robust, even when singulating
laminates of very dissimilar materials. Finally, a single
nozzle acts as a point source for cutting, thus, enabling
curvilinear cut paths as for example photonic devices.

e

A comparison between a conventional blade saw and a jet
stream 1s shown below 1n Table 1. The data in Table 1 was
obtained using a first generation lab model. The jet stream
was produced using a modified Jetsis microlet system.

TABLE 1
Jet Stream Blade Saw
BGA Minimum 05mm x 0.5 mm 4.0 mm x 4.0 mm
8 x 8 FBGA Device
144 units/ Size
strip Throughput 160 mm/sec* 100 mm/sec
Chipping <10 pm <40 pm
Consumable 0.001119 USD/umt 0.022222 USD/unit
Cost 0.000017 USD/pin  0.000347 USD/pin
QFN Minimum 05 mm x 0.5 mm 4.0 mm x 4.0 mm
4 x4 QFN  Device
176 Size
units/strip Throughput 160 mm/sec* 18 mm/sec
full copper  Chipping <10 pm <40 pm
no etch Burrs/Smearing <10 pm <50 um
Consumable 0.000852 USD/unit  0.104748 USD/unit
Cost 0.000053 USD/unit  0.0065467 USD/pin
Photonic Curvilinear Cut Yes No
8" 81 Water Throughput 160 mm/sec* Not Measurable
Chipping <10 pm <50 pm
Consumable Low Acceptable
Cost

*the throughput was limited by prototype table speed

While this mvention has been described in terms of
several preferred embodiments, there are alterations, per-
mutations, and equivalents, which fall within the scope of
this invention. It should also be noted that there are many
alternative ways ol implementing the methods and appara-
tuses of the present invention. For example, although the
invention has been described in terms of processing inte-
grated circuits (in all 1ts various forms), 1t should be noted
that the invention may be used to process any device. For
example, the invention may be used to process semiconduc-
tor walers. In addition, the invention may be used to process
discrete electrical components such as resistors, transistors,
capacitors and the like. The mvention may also be used to
process biotechnological devices, optical devices, opto-elec-
trical devices, electromechanical devices (e.g., MEMS-mi-
cro electro-mechanical) or the like. It 1s therefore intended
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that the following appended claims be interpreted as includ-
ing all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

What 1s claimed 1s:

1. A singulation engine for singulating a substrate 1nto a
plurality of smaller component parts, the singulation engine
comprising;

a gang manifold assembly 1ncluding a manifold config-
ured to distribute a slurry to a plurality of nozzles, each
of the nozzles being configured to discharge an indi-
vidual jet stream in the form of a beam for cutting
through the substrate at the same time; and

a chuck assembly configured to hold and support the
substrate and the smaller component parts formed
therefrom before, during and after the jet stream cuts
through the substrate, the chuck assembly including
one or more chucks, each chuck having a jet stream
opening disposed therethrough for allowing the jet
streams to pass after cutting through the substrate, each
chuck including a vacuum platform and a vacuum
manifold disposed underneath the vacuum platform,
the vacuum platform being configured to receive the
substrate and smaller component parts thereon, the
vacuum platform including a plurality of vacuum open-
ings, each of which 1s configured to apply a vacuum to
the backside of the substrate and each of the smaller
component parts formed theretfrom, the vacuum mani-
fold being configured to supply a vacuum to each of the
openings so as to retain the substrate and each of the
smaller component parts on the surface of the vacuum
platform.

2. The singulation engine as recited in claim 1 wherein the

slurry includes an abrasive and water.

3. The singulation engine as recited in claim 1 wherein the
smaller component parts correspond to ball grid array pack-
ages, QFN packages or photonic devices.

4. The singulation engine as recited i claim 1 further
including a pump and a holding tank, the holding tank being
configured to store and receive the slurry, the pump being
configured to pump the slurry from the holding tank to the
gang manifold.

5. The singulation engine as recited 1n claim 1 wherein the
manifold and nozzles are configured to move in a linear
manner order to provide a linear cutting path.

6. The singulation engine as recited 1n claim 1 wherein the
chuck assembly includes a first chuck and a second chuck,
the first chuck being configured to hold the substrate when
the substrate 1s being cut by the jet streams in a first
direction, the second chuck being configured to hold the
substrate when the substrate 1s being cut by the jet streams
in a second direction, the second direction being orthogonal
to the first direction.

7. The singulation engine as recited in claim 1 wherein the
vacuum openings are arranged in rows and columns and
wherein the chuck includes a plurality of jet stream openings
embodied as linear slots that are spatially separated and
parallel to one another, each slot being separately positioned
in the space found between the rows or columns of the
vacuum openings.

8. The singulation engine as recited in claim 7 wherein the
jet stream openings are fully contained within the confines
of the chuck, and further including a starter hole that
provides a point for mitiating a cutting sequence.

9. The singulation engine as recited in claim 1 wherein the
smaller components are integrated circuit packages.

10. The singulation engine as recited in claim 9 wherein
the integrated circuit packages are surface mount devices.
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11. The singulation engine as recited in claim 10 wherein
the surface mount devices are selected from chip scale
packages, ball grid arrays (BGA), flip chips, and lead-less
packages.

12. A singulation engine for singulating a substrate into a
plurality of smaller component parts, the singulation engine
comprising;

a gang manifold assembly including a manifold config-
ured to distribute a slurry to a plurality of nozzles, each
of the nozzles being configured to discharge an 1ndi-
vidual jet stream in the form of a beam for cutting
through the substrate at the same time, the gang mani-
fold including an inlet, a plurality of outlets, a slurry
receiving channel and a plurality of slurry distribution
channels, the plurality of slurry distribution channels
being configured to receive the slurry from the inlet,
and the plurality of slurry distribution channels being
configured to distribute the slurry to the plurality of
outlets, and wherein individual ones of the plurality of
nozzles each are tluidly coupled to an individual outlet;
and

a chuck assembly configured to hold and support the
substrate and the smaller component parts formed
therefrom before, during and after the jet stream cuts
through the substrate.

13. The singulation engine as recited 1n claim 12 wherein
the chuck assembly includes one or more chucks, each
chuck having a jet stream opening disposed therethrough for
allowing the jet streams to pass aiter cutting through the
substrate.

14. The singulation engine as recited in claim 13 wherein
the chuck 1s an electrostatic chuck, a mechanical chuck or a
vacuum chuck.

15. The singulation engine as recited in claim 13 wherein
the chuck includes a vacuum platform and a vacuum mani-
told disposed underneath the vacuum platiorm, the vacuum
plattorm being configured to receive the substrate and
smaller component parts thereon, the vacuum platform
including a plurality of vacuum openings, each of which 1s
configured to apply a vacuum to the backside of the substrate
and each of the smaller component parts formed therefrom,
the vacuum manifold being configured to supply a vacuum
to each of the openings so as to retain the substrate and each
of the smaller component parts on the surface of the vacuum
platform.

16. The singulation engine as recited in claim 12 wherein
cach of the nozzles are coupled to the individual outlets via
a coupling, and wherein a slurry distribution tube 1s coupled
to the inlet via a coupling, the slurry distribution tube
delivering slurry to the manifold from a slurry delivery
assembly.

17. The singulation engine as recited in claim 16 wherein
the slurry delivery assembly includes a slurry containment
vessel, a fluid source, and an abrasive source, the slurry
containment vessel receiving fluid from the fluid source and
abrasive from the abrasive source in order to generate the
slurry, the slurry containment vessel being pressurized so
that the slurry 1s delivered through the slurry distribution
tube to the manifold.

18. The singulation engine as recited in claim 17 wherein
the abrasive source 1s a removable abrasive cartridge.

19. The singulation engine as recited in claim 12 wherein
cach nozzle includes a nozzle tip attached to a nozzle body,
the nozzle body including a tip receptacle for receiving the
nozzle tip, the tip receptacle including a slope that matches
the slope of the nozzle tip thus allowing the nozzle tip to be
seated 1n the tip receptacle.
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20. A vacuum chuck assembly configured to hold an
unsingulated substrate and the singulated substrate parts cut
therefrom before, during and after jet stream singulation, the
vacuum chuck assembly comprising:

a first chuck configured to hold the substrate during x axis
cutting, the first chuck including a plurality of vacuum
passageways and a plurality of cutting slots, the
vacuum passageways being configured to provide suc-
tion to the substrate in order to hold the substrate
before, during and after jet stream singulation, the
cutting slots providing a space through which a jet
stream passes when cutting 1in a first direction, the
vacuum passageways including vacuum openings posi-
tioned 1n multiple rows and a vacuum channel disposed
underneath each row of vacuum openings; and

a second chuck configured to hold the substrate during v
axis cutting, the second chuck including a plurality of
vacuum passageways and a plurality of cutting slots,
the vacuum passageways being configured to provide
suction to the substrate 1n order to hold the substrate
before, during and after jet stream singulation, the
cutting slots providing a space through which a jet
stream passes when cutting 1n a second direction that 1s
orthogonal to the first direction, the vacuum passage-
ways including vacuum openings positioned 1in mul-
tiple rows and a vacuum channel disposed underneath
cach row of vacuum openings.

21. The vacuum chuck assembly as recited in claim 20
wherein the singulated substrate parts correspond to ball grid
array packages, QFN packages or photonic devices.

22. The vacuum chuck assembly as recited in claim 20
wherein the cutting slots of the first chuck are linearly
positioned in the first direction, and wherein the cutting slots
of the second chuck are linearly positioned in the second
direction.

23. The vacuum chuck assembly as recited 1n claim 20
wherein the vacuum platform 1s formed from a rubberized
material.

24. The vacuum chuck assembly as recited 1n claim 20
wherein the rubberized material 1s Viton.

25. The vacuum chuck assembly as recited 1n claim 20
wherein the vacuum openings include a recessed portion at
the top surface of the vacuum platform and a through hole
disposed underneath the recessed portion.

26. A vacuum chuck assembly configured to hold an
unsingulated substrate and the singulated substrate parts cut
therefrom before, during and after jet stream singulation, the
vacuum chuck assembly comprising:

a first chuck configured to hold the substrate during x axis
cutting, the first chuck including a plurality of vacuum
passageways and a plurality of cutting slots, the
vacuum passageways being configured to provide suc-
tion to the substrate in order to hold the substrate
betore, during and after jet stream singulation, the
cutting slots providing a space through which a jet
stream passes when cutting 1n a first direction; and

a second chuck configured to hold the substrate during v
axis cutting, the second chuck including a plurality of
vacuum passageways and a plurality of cutting slots,
the vacuum passageways being configured to provide
suction to the substrate 1n order to hold the substrate
before, during and after jet stream singulation, the
cutting slots providing a space through which a jet
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stream passes when cutting in a second direction that 1s
orthogonal to the first direction,

wherein each of the chucks includes a vacuum platiorm
and a vacuum manifold disposed underneath the
vacuum platiform, the vacuum platform having a top
surface on which the backside of the unsingulated
substrate and the singulated substrate parts cut there-
from are placed before, during and after jet stream
singulation, the vacuum platform including a plurality
of vacuum openings each of which corresponds to one
of the singulated substrate parts, the vacuum manifold
including a plurality of vacuum channels that are
fluadly coupled to the vacuum openings, the vacuum
openings and the vacuum channels working together to
form the vacuum passageways that distribute a suction
force to the backside of the unsingulated substrate and
the singulated substrate parts cut therefrom.

27. The vacuum chuck assembly as recited 1n claim 26
wherein the vacuum openings are disposed through the
vacuum platiorm, and wherein the vacuum channels are
recessed within the vacuum manifold.

28. The vacuum chuck assembly as recited 1n claim 26
wherein the cutting slots are formed by first slots disposed
through the vacuum platform and second slots disposed
through the vacuum manifold, the first and second slots
being aligned with one another so as to form the cutting
slots.

29. The vacuum chuck assembly as recited 1n claim 28
wherein the vacuum openings are positioned between the
first slots, and wherein the vacuum channels are positioned
underneath the vacuum openings between the second slots.

30. A vacuum chuck assembly configured to hold an
unsingulated substrate and the singulated substrate parts cut
therefrom before, during and after jet stream singulation, the
vacuum chuck assembly comprising:

a first chuck configured to hold the substrate during x axis
cutting, the first chuck including a plurality of vacuum
passageways and a plurality of cutting slots, the
vacuum passageways being configured to provide suc-
tion to the substrate in order to hold the substrate
before, during and after jet stream singulation, the
cutting slots providing a space through which a jet
stream passes when cutting in a first direction;

a second chuck configured to hold the substrate during y
axis cutting, the second chuck including a plurality of
vacuum passageways and a plurality of cutting slots,
the vacuum passageways being configured to provide
suction to the substrate 1in order to hold the substrate
before, during and after jet stream singulation, the
cutting slots providing a space through which a jet
stream passes when cutting in a second direction that 1s
orthogonal to the first direction; and

a base configured support the chucks in their desired
position relative to each other, the base including a pair
of voids, one of the voids being positioned underneath
the first chuck, another of the voids being positioned
underneath the second chuck, the voids coinciding with
the cutting slots, the voids providing a space through
which the jet stream passes aiter traveling through the
cutting slots.

31. A method of singulating a substrate having a plurality
of integrated circuits formed thereon, the method compris-
ng:

producing one or more jet streams 1n the form of a beam,

the configuration of the jet streams being suflicient to
cut the substrate;
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directing the jet streams over the surface of the substrate;

and
selectively operating the jet streams so as to cut the
substrate 1into the plurality of integrated circuits, selec-
tively operating the jet stream including performing a
first set of linear cuts 1n a first direction and performing
a second set of linear cuts 1n a second direction, the first
direction being orthogonal to the second direction,

wherein during the first set of linear cuts, the jet stream 1s
caused to move back and forth in the first direction
while being incremented 1n the second direction at the
end of each traverse, and wherein during the second set
of linear cuts, the jet stream 1s caused to move back and
forth 1n the second direction.

32. The method as recited 1n claim 31 wherein selectively
operating the jet stream includes performing a first set of
linear cuts 1n a first direction.

33. The method as recited 1n claim 32 wherein during the
first set of linear cuts, the jet stream 1s caused to move back
and forth 1n the first direction while being incremented 1n a
second direction at the end of each traverse, the second
direction being orthogonal to the first direction.

34. The method as recited 1n claim 31 wherein during the
first set of linear cuts the jet stream 1s moved at a first speed
in the first direction and at a second speed 1n the second
direction, and during the second set of linear cuts the jet
stream 1s moved at a first speed 1n the second direction and
at a second speed in the first direction, the first speed
allowing the jet stream to cut through the substrate, the
second speed being faster than the first speed 1n order to
prevent cuts through the substrate.

35. The method as recited 1in claam 31 wherein the
integrated circuits are lead-less integrated circuit packages.

10

15

20

25

34

36. The method as recited i claim 35 wherein the
lead-less integrated circuit packages are quad tlat pack no

lead (QFN) integrated circuit packages.

37. A method of singulating a substrate having a plurality
of integrated circuits formed thereon, the method compris-
ng:

producing one or more jet streams 1n the form of a beam,

the configuration of the jet streams being suflicient to
cut the substrate;

directing the jet streams over the surface of the substrate;
and

selectively operating the jet streams so as to cut the
substrate into the plurality of integrated circuits, selec-
tively operating the jet streams including performing a
first set of linear cuts in a first direction,

wherein during the first set of linear cuts, the jet stream 1s
caused to move back and forth in the first direction
while being incremented in a second direction at the
end of each traverse, the second direction being
orthogonal to the first direction, and

wherein the jet stream 1s moved at a first speed 1n the first
direction and at a second speed 1n the second direction,
the first speed allowing the jet stream to cut through the
substrate, the second speed being faster than the first
speed 1n order to prevent cuts through the substrate.

38. The method as recited 1n claim 37 wherein the ratio

5o between the second speed and the first speed 1s between

about 40:1 to about 5:1.
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